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BULLETIN 


AMERICAN PHYSICAL SOCIETY 


1961 Spring Meeting at Washington, D. C., April 24-27, 1961 


UR change from a three-day to a four-day 
Spring meeting, made last year, has come, if 
not just in the nick of time, at any rate at the last 
opportunity before the nick. The Washington meet- 
ing has reached its turn for one of the population- 
explosions which unpredictably affect one after 
another of our annual cycle of conventions, and, 
since its previous record was our all-time all-place 
record, we now have another of these last. Another 
piece of luck, for which we can claim no credit, is 
the coming-into-being of two new large auditoria— 
the Cotillion Rooms North and South—in the 
Sheraton-Park Hotel. But for these we could not 
have found adequate space conveniently located 
for the seven simultaneous sessions which occupy 
every one of the eight half-days of the congress. We 
continue to enjoy the East Building Lecture Room 
of the National Bureau of Standards. Our valiant 
and industrious Local Committee, headed as usual 
by R. D. Huntoon and W. R. Tilley, and comprising 
D. F. Bleil, R. T. Cook, W. C. Hall, A. I. Mahan, 
J. H. McMillen, R. B. Roberts, S. F. Singer, and 
L. Slack, will have more work than ever. 


The official hotel is the Sheraton-Park, already 
well known to us for many years. It will find rooms 
in other hotels when its own provision is fully 
booked: but this is on the assumption that our 
members will be prompt in booking, and their 
applications for space should be received not later 
than April eighteenth. A-transcript of the standard 
reservation card of the Sheraton-Park Hotel ap- 
pears on page 321: those who have disregarded the 
admonition (to reserve early) that has been put 
into previous issues of this Bulletin should tear it 
out and mail it as soon as they read these words. 


The, registration desk will be located in the 
Esplanade of the Sheraton-Park (the large room 
between lobby and Sheraton Hall). It will be open 
from 6:00 to 9:00 on Sunday evening, a great 
courtesy of which all should avail themselves who 
come soon enough to Washington: these will thus 


benefit themselves and the staff. The message center 
and information desk will be found in the northeast 
corner of the lobby, as it was last year. Here will 
be found blackboards for notices of post-deadline 
papers, changes in halls or in the womens’ pro- 
gramme, and anything else to be brought to the 
attention of our members. We do not accept mes- 
sages from anyone who has not yet registered and 
paid the fee. 


The registration fee has ascended to $2.50, but 
the marvel is that the Local Committee expects to 
come out even without making it still bigger. Those 
who deem it high should observe the practices of 
other societies! 


Invited speakers are named on the Epitome and 
the titles cf their papers are given in the Main Text. 
Among them we mention M. L. Goldberger, the 
winner of the 1961 Dannie Heineman Prize in 
mathematical physics, and W. F. Libby, the 1960 
Nobel Laureate in Chemistry (his fellow laureate 
in physics appeared last year before the Spring 
meeting as recipient of the American Physical So- 
ciety Prize sponsored by Hughes Aircraft Com- 
pany). Our Divisions of Solid-State Physics and of 
Plasma Physics have each arranged a _ half-day 
session of invited papers. 

Five hundred and thirty-seven, the number of 
contributed papers, exceeds by eighty-four the 
maximum heretofore attained. The upsweep is con- 
centrated in no single field of physics: it is more 
nearly a uniform expansion: plasma physics went 
from two sessions (in 1960) to three, neutron physics 
from two to three, semiconductors from one to two, 
theoretical physics from six to eight (but did not 
quite reach the figure attained at New York) and 
nuclear reactions stretch clear from beginning to end 
of the meeting. One of our expectations was happily 
not realized. We expected a rnighty inrush of papers 
from solid-state physicists who would have found 
themselves unable or unwilling to make the long 
journey to the March meeting this year translated 
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to Monterey: there are no symptoms of such a phe- 
nomenon. For the arrangement of papers in theo- 
retical physics the Society owes a great debt to 
N. M. Kroil; and also to the Deputy Secretary who 
took over the distribution of the abstracts pertain- 
ing to nuclear reactions, radioactive nuclei, and 
neutrons. 

It is devoutly hoped that we shall now have 
several years of near-constancy in which to adapt 
ourselves to meetings of this magnitude before the 
next population-explosion comes along. Else, where 
do we go from here? 


Our banquet will be held on Wednesday evening 
in the Sheraton Hall. G. T. Seaborg, newly chosen 
head of the Atomic Energy Commission, will be the 
after-dinner speaker, and the 1961 Dannie Heine- 
man Prize will be awarded to M. L. Goldberger. The 
banquet (scheduled for 7:30 p.m.) will be preceded 
by a cocktail party in the balcony of Sheraton Hall 
from 6:30 onward. Your dinner ticket, priced at five 
dollars, will admit you to the cocktail party, but 
you cannot go to the party without paying for the 
dinner. There are only two places where 4 member 
of the Society present at the meeting may spend 
Wednesday evening with propriety: one is Sheraton 
Hall, the other is his bedroom if but only if he has 
a contagious cold or some ailment so severe that his 
doctor forbids him to go out. 


The National Bureau of Standards will be host 
at a tea on Tuesday from 4:30 to 6:30 p.m. in the 
Manse on the Bureau grounds. 


The Register for Women’s Activities will be open 
from 8:30 a.m. to noon, Monday and Tuesday, 
April 24 and 25. A Get-Acquainted Coffee Social 
has been arranged for Monday morning, 9:30 to 
11:00 in a place later to be determined. Special 
tours have been planned for Wednesday with ad- 
vance registration necessary since the number will 
be limited. Included will be a special visit to the 
White House at 9:15 a.m., luncheon at the Conti- 
nental Hotel at 1 p.m. ($2.50), followed by a meet- 
ing with ladies of the Congress and a tour of the 
Capitol. Those wishing to attend limited functions 
should make reservations in advance with Mrs. 
A. G. McNish at National Bureau of Standards, 
Washington 25, D. C., and include their check for 
the luncheon if desired. 


The American Institute of Physics will conduct 
a Placement Service Register in the Exhibit Hall 
of the Sheraton-Park Hotel, April 24-27. The 
Register will be open from 9:00 to 6:00 p.m. 


There will be a book exhibit in the Florentine 
Foyer at which twelve of the leading book publishers 


will display the latest scientific and technical books 
and publications. It will be open from 9:00 a.m. to 
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5:30 p.m. on all days excepting Thursday, when it 
will close at 2:00 p.m. All are cordially invited to 
browse. 


The Council of The American Physical Society 
will meet at 9:30 a.m. on Monday, April 24, in the 
Woodley Room in Section F of the Sheraton-Park 
Hotel. 


The Nominating Committee of the American 
Physical Society will meet at 4:00 p.m. on Tuesday, 
April 25, in the Conference Room in the South 
Building of the National Bureau of Standards. 


Post-deadline ten-minute papers, pertaining to 
very recent achievements of very special signifi- 
cance, will be considered for admission to the pro- 
gramme if abstracts are received not later than 
Tuesday, April 18, at the office of Dr. R. D. Hun- 
toon, National Bureau of Standards, Washington 
25, D. C. The titles of such as are accepted will 
appear on a blackboard near the registration desk. 
Session Y has been set aside for them, but it is not 
impossible that some may be placed at the ends of 
sessions relevant in topic and not already too long 
for elongation. 


The 1961 June meeting in Mexico City is an- 
nounced on page 323, and attention is very specialiy 
called to two features: the deadline for hotel reser- 
vations, and the request for three (not just two) 
copies of each abstract, the third being meant for 
translation into Spanish and publication in the 
bulletin which our sister society the Sociedad 
Mexicana de Fisica will bring out. There will be no 
Summer Meeting other than this in 1961. A pre- 
liminary announcement of the Thanksgiving meet- 
ing at Chicago will be found on page 323. 


Announcements of topical conferences will be 
found on pages 323 and 324. 


Instructions for the preparation of abstracts are 
printed on page 326 of this Bulletin. Read and heed 
them! An extra instruction is given: use a type- 
writer ribbon that is decently fresh! Some of the 
abstracts that come to us are so faint that it is a 
wonder that the printers can read them. 


Errata pertaining to abstracts in this issue will 
be published in a later issue of this Bulletin if re- 
ceived not later than Monday, May first, by Miss 
Ruth F. Bryans, American Institute of Physics, 
335 East 45 Street, New York 17, New York. Do 
not send in the abstract defaced with erasures and 
corrections. Write out your corrections in the form 
“Instead of . . . read. . . .”” Add nothing. 


Kart K. Darrow, Secretary 
American Physical Society 
New York 27, New York 
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Monpbay MORNING 


Spins, I. Burgundy Room. 

Nuclear Reactions, I. Continental. 

Radioactive Nuclei, I. Cotillion Room South. 
Magnetism. Franklin Room. 

Segall, Kip. Sheraton Hall. 

Weinberg, Nilsson. Cotillion Room North. 

Theory I.: Nuclear Structure, I. Adams-Hamilton Room. 


Monbay AFTERNOON 


Spins, II; Stroke. Burgundy Room. 

Nuclear Reactions, II. Continental Room. 

Radioactive Nuclei, II. Cotillion Room South. 

Division of Plasma Physics: Lenard, Coensgen, Post, Drummond. NBS East. 
General nuclear physics, mostly apparatus. Sheraton Hall. 

Metals. Adams-Hamilton Room. 

Theory, II: many-body problems, statistical mechanics. Cotillion Room North. 


TuESDAY MORNING 


Spins, III. Adams-Hamilton Room. 

Nuclear Reactions, III. Continental Room. 

Fast neutrons. Cotillion Room South. 

Hayward, Kessler, De Benedetti, Walker. Sheraton Hall. 

Accelerators; K. Green. Cotillion Room North. 

Division of Solid-State Physics: Rubin, Maradudin, Wallis, Kahn. NBS, East. 
Theory, III: dispersion-relations and quantum electrodynamics. Burgundy Room. 


TUESDAY AFTERNOON 


Spins, IV. Adams-Hamilton Room. 

Nuclear Reactions, IV. Continental Room. 

Cold-neutron scattering and solid-state physics. Cotillion Room South. 

Cosmic rays and space. Sheraton Hall. 

Electron physics. NBS, East. 

Cryogenics. Cotillion Room North. 

Theory, IV: properties and interactions of elementary particles. Burgundy Room. 


WEDNESDAY MORNING 


Molecules. Adams-Hamilton Room. 

Nuclear Reactions, V. Continental Room. 

Neutron spectroscopy. Cotillion Room South. 

Yagoda ; cosmic-ray studies with satellites. Sheraton Hall. 
Fluid dynamics. NBS, East. 

Mitchell ; general solid-state physics, I. Cotillion Room North. 
Theory V: atomic and general theory. Burgundy Room. 


WEDNESDAY AFTERNOON 


Optical and X-ray physics; astrophysics; M. S. Green. Adams-Hamilton Room. 
Nuclear Reactions VI: heavy ion-reactions. Continental Room. 

Hofstadter; nucleonic structure and scattering. Sheraton Hall. 

Plasma, I. NBS, East. 

Strange Particles. Cotillion Room South. 

General Solid-State Physics II. Cotillion Room North. 

Theory V: Nuclear Reactions. Burgundy. 
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WEDNESDAY EVENING AT 7:00 
Sheraton Park Hotel 


Banquet of The American Physical Society ; Seaborg. 


THURSDAY MORNING 


General; physics; masers; Ramsey. Cotillion Room South. 
Barschall, Wildermuth, Satchler, Johnson. Cotillion Room North. 
Goldberger, Libby, Kunzler, Matthias. Sheraton Hall. 

Plasma II. NBS, East. 

Muons and pions. Continental. 

Semiconductors I. Burgundy Room. 

Theory VII: general theory, mostly relativity. Adams-Hamilton. 


THURSDAY AFTERNOON 


Shapiro, Friedman, Naugle. Sheraton Hall. 

Nuclear Reactions VII (including fission). Continental Room. 
Post-deadline papers, if any. Franklin Room. 

Plasma III. NBS, East. 

Pions. Cotillion Room South. 

Semiconductors IJ. Cotillion Room North. 

Theory VIII: Nuclear Structure II. Adams-Hamilton Room. 











PROGRAMME 


Monpay MorninG at 10:15 


Burgundy Room 


(N. F. RaMsey presiding) 


Spins, I 


Al. Nuclear Spins of N“ and C".* J. L. SnipER, M. Posner, 
A. M. BERNSTEIN, AND D. R. HAMILTON, Princeton University. 
—tThe nuclear spins of 10-min N* and 20-min C" have been 
measured by the atomic beam magnetic resonance method to 
be 4 and j, respectively. Powdered melamine was bombarded 
with 18 Mev protons giving N" in the reaction N"4(p,pn)N", 
while C" was made by B"(p,n)C™. The radioactivity, in the 
form of gaseous molecules, was continually flushed with neon 
through a 375-ft pipe into the apparatus. After dissociation in 
a microwave discharge, atoms traveled through a modified 
focusing atomic beam apparatus to the detector. N atoms 
were collected on iron foils heated to 1050°C. Resonances in 
the 4S, atomic ground state were observed at frequencies up 
to 1.7 Mc/sec. C™ was collected on silver-plated copper collec- 
tors held at ~ —100°C. Resonances in the *P; and *P; meta- 
stable atomic states were observed up to 1.3 Mc/sec. Both 
activities were detected by counting the decay positrons. The 
spins of N* and C" are the same as those of their charge con- 
jugate nuclei C and B"™ as expected on the basis of charge 
symmetry of nuclear forces. Measurements of the hyperfine 
structure splittings in both isotopes are in progress. 


* This work was supported by the U. S. Atomic Energy Commission and 
the Higgins Scientific Trust Fund. 


A2. Spins of Sc“ and Sc“™.* D. L. Harris anp J. D. 
McCULLEN, Princeton University.—The nuclear spins of Sc 
and Sc*™ have been measured with the six-pole focusing-mag- 
net atomic beams machine. The radioactive isotope was made 
in the Princeton cyclotron by a (,pm) reaction on pure 
Scandium metal. The beam was produced at a color tempera- 
ture of ~1600°C using a tantalum double oven, and was 
collected on copper disks. Resonances were observed at several 
fields in both the *Dy and 2D, electronic states, yielding the 
following results: J=2 for the ground state (3.96h), J=6 for 
the metastable level (2.44d). Work is in progress to measure 
the hyperfine structure for these levels, as well as to determine 
the spin of Ti**, which is also present in the beam. 


* This work was mongerted by the U. S. Atomic Energy Commission and 
the Higgins Scientific Trust Fund. 


A3. Nuclear Magnetic Resonance of Lanthanum Metal.* 
D. S. SCHREIBER AND R. M. Corts, Cornell University.—Two 
resonances have been found in La metal particles; one Knight 
shifted by ki = +0.64% as previously reported,! and a second 
line shifted by k2= +0.21%. The metal is known to exist in 
two phases predominately hcp below 280°C and fcc above 
280°C. However, both phases can exist together depending 
upon thermal history and cold working. The shifts remain 
constant in the temperature range 25° to 380°C. The second 
line (k2) has a thermal relaxation time 7; approximately 20 
times that of the first line (k:). The linewidths are about 11 g 
each. The first line is slightly asymmetric, but becomes sym- 
metric and narrows about 25% above 280°C. Upon heating, 
the intensity of the first line increases rapidly near 280°C, 
which indicates that a relaxation of random quadrupole inter- 
actions accompanies the phase transition. Upon cooling, the 
increased intensity persists down to 230°C, and further cooling 
returns the intensity to its room temperature value. X-ray 
powder diffraction shows that the first line appears only when 


some fcc is present and that both lines are seen when both the 
hcp and fcc phases are present. 


Ee es in part by the National Science Foundatior 
Blumberg .J. Eisinger, V. Jaccarino, and B. T 
Rev. Letters 5, 52 (1960) 


Matthias, Phys. 


A4. g-Value of the 0.123 Mev State of Sm'**.* R. W. BAUER 
AND M. Deutscu, MIT.—Recently published measurements 
of this g value have given contradictory results, largely because 
of the difficulty of evaluating the paramagnetic correction to 
the magnetic field. We have measured the rotation, in a mag- 
netic field of 26 kgauss, of the gamma ray angular correlation 
from liguid sources of Eu’ at four temperatures: 300°K 
(aqueous solution of Eu Cl;), 1100°K, 1300°K, and 1500°K 
(melt of Eu Cl;). The rotation appeared to be independent of 
temperature within an experimental uncertainty of about 15% 
This suggests that the paramagnetic correction is quite small, 
as suggested by the calculations of Kanamori and Sugimoto.' 
Without correction, the weighted mean of our measurements is 
g=0.375+0.03. With the corrections cited in footnote 1, this 
is reduced to 0.351+0.03. 


* This work is supported in part by funds provided by the U. S. Atomic 
a> y Commission, the Office of Naval Research, and the Air Force Office 
mtific Research. 
. Kanamori and K. Sugimoto, J. Phys. Soc. Japan 13, 754 (1958). 


AS. Hyperfine Structure and Nuclear Moments of Lute- 
tium-177.* F. R. PETERSEN AND H. A. SuuGart, University of 
California, Berkeley.—The hyperfine structure separations for 
radioactive lutetium-177 (J =7/2) have been measured in bothy 
the 2D, and 2D, electronic states by the atomic beam magnetic 
resonance method. Seven ‘“‘flop-in”’ transitions in the *D, state 
and ten in the *D, state corresponding to the high field transi- 
tion M;=+4 +> +4 have been observed. The interaction 
constants a and }b fitted to these observations are a(?#Dj) 
=194.84(2) Mc/sec, b(2Ds) =1466.71(12) Mc/sec, a(2D,) 
=147.17(1) Mc/sec, b(2D4) =1805.93(14) Mc/sec. The un- 
corrected nuclear magnetic moment calculated from the inter- 
action constant a is wy = +2.0(2) nm. The sign of the moment 
was determined from the g;-dependent AF=-+1 transitions 
for which the magnetic field dependence of the frequency was 
zero at high fields. The uncorrected nuclear electric quadrunole 
moment calculated from the interaction constant 0b is 
Q=-+5.0(6) barns. Uncertainties in both moments wil‘ be 
considerably reduced when more precise measurements of the 
hyperfine structure and moments of stable Lu’, currently in 
progress by George J. Ritter and Hin Lew, are published.' 

* Supported in part by the U. S. Air Force Office of Scientific Research 
and the U. S. Atomic Energy Commission. 


1 George J. Ritter, National Research Council, Ottawa, Canada, private 
communication (1960). 


A6. Effects on Proton Magnetic Resonance in Hydrated 
Crystals Induced by Quadrupolar Nuclei.* A. A. StLvipI AND 
J. W. McGratu, Kent State University.—Long proton relaxa- 
tion times sometimes are reduced by spin-exchange of energy 
between the protons and nearby quadrupolar nuclei via mag- 
netic dipole-dipole interaction.' This can occur? for orientations 
of a hydrated crystal and magnitudes of an extenral magnetic 
field, such that, a Zeeman-split quadrupolar frequency 
matches the NMR frequency of the proton. If 7; for the 
quadrupolar nucleus is short, 7, for the proton is reduced and 
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proton resonance absorption is enhanced. This effect has ap- 
peared in single crystals of BaBr2:H,O.* We are using proton 
resonance enhancement as a detector of quadrupolar reso- 
nances of Ba'?. Data fit orientation-frequency values com- 
puted? for an asymmetry parameter of 0.66 and principal axes 
of the electric field gradient tensor ; x antiparallel to a, y and z 
parallel to c and b, respectively. a, b, and c are crystallographic 
axes. vg is 24.3 Mc/sec. 
* Supported by the National Science Foundation. 
1D. E,. Woessner and H. S. Gutowsky, J. Chem. Phys. 29, 804 (1958). 


2 J. W. McGrath and A. A. Silvidi, J. Chem. Phys. 33, 644 (1960). 
*C. Dean, Phys. Rev. 96, 1053 (1954), 


A7. Dynamic Proton Polarization in Crystals at Low Tem- 
peratures.* O. S. Lerrsonf anp C. D. JEFrries, University of 
California, Berkeley—Dynamic polarization of protons in 
La2Mg:;(NOs3)12:24H:0, with a small fraction of the La** re- 
placed by paramagnetic Ce**, has been produced by strongly 
inducing the (relatively) forbidden electron transition! of the 
Ce**, An apparatus for simultaneously observing the cerium 
electron resonance at 9400 Mc/sec and the proton nuclear 
resonance at 16 Mc/sec at liquid helium temperatures is de- 
scribed. For fixed electron resonance frequency, the depend- 
ence of the dynamic proton polarization on magnetic field and 
microwave power agrees with theory.” In the liquid helium 
temperature range and for fixed Ce** concentrations ranging 
from 0.05% to 5%, the electron relaxation time 7). « (tem- 
perature)” “i and the nuclear spin-lattice relaxation time 
Tn « (temperature)~’. The maximum polarization of protons 
produced at x-band and 1.5°K was 3.1%, which represents a 
maximum proton polarization enhancement of 140 times 
thermal equilibrium as compared to the theoretically maxi- 
mum value of 605. 

* Supported in part by the Office of Naval Research and the U. S. Atomic 
Energy Commission. 

t Now at the U. S. Army Signal Research and Development Laboratories, 
Fort Monmouth, New Jersey. 


1C. D. Jeffries, Phys. Rev. 117, 1056 (1960). 
20. S. Leifson and C. D. Jeffries, Phys. Rev. (to be published). 


A8. Nuclear Magnetic Resonance of B" in the Alkali- 
Borate Glass Systems.* J. G. O’KEEFE AND P. J. Bray, Brown 
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University.—Previous investigation! of the alkali-borate glass 
systems has shown that the amount of 4-coordinated boron 
(.N,) is a function of the alkali modifier concentration. It was 
noted in this work that the experimental procedure used led 
to an overestimation of N, at high alkali modifier concentra- 
tions. The four alkali-borate glass systems, KxO—B,Os, 
Naz—B.03;, LixO —B203, and BaO —B,O; were re-investigated 
using a different technique. In this investigation, the intensity 
of the resonance due to 4-coordinated boron in the glass sample 
was compared with the intensity of the boron resonance in a 
crystalline compound containing only 4-coordinated boron. 
The results show that the maximum number of 4-coordinated 
boron atoms is of the order of 25% rather than 50% as stated 
in the earlier work. The data for all four systems may be fitted 
by a single curve on a graph of N, versus alkali modifier 
concentration. 


* Sor supported by Office of Naval Research. 
. H. Silver and P. J. Bray, J. Chem. Phys. 29, 984 (1958). 


A9. Nuclear Magnetic Resonance in Gallium Phosphide. 
M. J. WEBER, L. Rimal, AND L. NEURINGER, Raytheon Com- 
pany.—Pulsed and c.w. measurements have been made of the 
nuclear magnetic resonance of Ga®, Ga”, and P#! in poly- 
crystalline GaP. The resonance line shapes are approximately 
Gaussian with linewidths ~10% greater than the calculated 
dipolar widths. The additional width may be attributed to 
indirect nuclear exchange broadening as observed in other 
III--V compounds. The spin-lattice relaxation time 7, was 
measured in the temperature range 77-700°K using pulsed 
NMR techniques. At room temperature, 7;(Ga*) =0.45+0.03 
sec, T,(Ga™) =1.15+0.08 sec, T,(P*) = 1002-30 sec. The ratio 
[71(Ga®) /T(Ga™) ]~[Q(Ga™)/Q(Ga®) }*, where Q is the 
quadrupole moment, is observed at all temperatures and indi- 
cates that the gallium relaxation is caused by time-dependent 
quadrupole interactions. The gallium 7,’s can be fitted to 
Van Kranendonk’s temperature dependence for a two-phonon 
relaxation process using a Debye temperature @p~400°K. 
The phosphorus relaxation is approximately temperature inde- 
pendent between 77-460°K. Possible relaxation mechanisms 
will be discussed. 





Monpay MorninG AT 10:00 


Continental Room 


(T. KRUSE presiding) 


Nuclear Reactions, I 


AA1. Angular Distribution of the Reaction Be*(Li’,a)B'*.* 





J. 
The techniques used! to study the reaction Be®(Li*,a2)B"™ have 
been extended to the reaction Be®(Li’,a)B". At energies near 
3.3 Mev Q=10.46 Mev. Alpha particles are separated from 
other reaction products by measuring both dE/dx and E. A 
solid state detector provides sufficient resolution to separate 
levels through the second excited state; the 2.62 and 2.72 Mev 
levels appear as one peak. 

* Supported in part by the joint program of the U. S. Atomic Energy 


Commission and the Office of Naval Research. 
1J. J. Leigh and J. M. Blair, Phys. Rev. 121, 246 (1961). 


AA2. Nucleon Reduced Widths and Charge Independence. 
ALBERT ALTMAN AND JERRY B. Marion, Convair, San Diego, 
AND WILLIAM M. MacDona.p, University of Maryland.—The 
mirror levels at 8.89 Mev in B” and 7.37 Mev in Be” have 
been re-analysed under the assumption of d-wave formation of 
these levels and hence a J*=3~ assignment. The previously 


assumed 3* assignment (formed by » waves) gave poor agree- 
ment with the isotopic spin addition and ratio rules. With this 
new assignment, which agrees well with recent high energy 
stripping data* and is not excluded by the elastic scattering 
experiment,’ agreement with the isotopic spin rules is achieved 
without the necessity of invoking different neutron and proton 
interaction radii. The resulting isotopic-spin impurity of the 
B® level (8.89 Mev) is a?<2.5X10- in intensity, the upper 
limit holding only if the reduced width of the impurity state 
is as large as that of the normal state. 

1 W. M. MacDonald and J. B. Marion, Bull. Am. Phys. Soc. 5, 34 S969 > 


2M. H. Macfarlane and J. B. French, Revs. Modern Phys. 32, 567 (1960). 
3H. B. Willard, J. K. Bair, and J. D. Kington, Phys. Rev. 98, 669 (1955). 


AA3. Energy Dependence of the B**(d,p)B" Reaction.* 
B, ZEIDMAN AND J. L. YntrEMa, Argonne National Laboratory. 
—The B"(d,p)B" ground state reaction has been investigated 
at deuteron energies of 12.5, 15.5, 18.5, and 21.5 Mev. The 
energies below 21.5 Mev were obtained by degrading and re- 
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focusing the beam from the Argonne 60-in. cyclotron. The 
angular distributions cover a range of angles between 7° and 
165° except for the 12.5-Mev data which extends only to 90°. 
At forward angles, a peak is observed at all energies. At the 
lowest energies, the first peak in the angular distribution is 
well fitted by Butler theory with the customary radius of 5 f, 
but there are significant deviations from the Butler theory at 
higher energies which cannot be compensated for by adjust- 
ment of the interaction radius. The peak cross section increases 
with increasing energy, contrary to the trend expected from 
the energy dependence of the Butler theory. 


*Work performed under the auspices of the U. S, Atomic Energy 
‘ommission. 


AA4. Gamma Rays from the Bombardment of Light Nuclei 
with Lithium Ions.* S. Basuxtn, E. BERKow!1Tz, J. Davies, 
AND E. NorBECcK, State University of Iowa.—Thick targets of 
Li‘F, Li’F, Be®, B®, B", carbon, titanium nitride, and CaF; 
have been bombarded with Li® ions having an energy of 2.8 
Mev. A sodium iodide crystal, 3-in. diam X3 in. long, viewed 
the gamma radiation through a conical collimating aperture 
in a 4-in. thick lead shield, A 256-channel analyzer sorted the 
detector pulses. The gain of the detecting system was cali- 
brated with a variety of gamma rays of known energy. In each 
case, a number of relatively low energy gamma rays appear. 
They give evidence that a neutron, proton, or small cluster of 
neutrons and protons is transferred between the incident and 
target nuclei, leaving a residual nucleus in a low-lying excited 
state. Reactions which wae lead to the observed gamma rays 
will be discussed. 


* Supported in part by the U. S. Atomic Energy Commission. 


AAS. Excitation Functions of the Li’(a,n)B” and Li*(a,n)B® 
Reactions.* M. K. Menta, W. E. Hunt, H. S. PLENDL, AND 
R. H. Davis, Florida State University—The neutron yield 
from the Li?(a,n)B"” reaction has been measured as a function 
of bombarding energy from threshold at 4.37 to 14.5 Mev 
a-particle energy (lab). Neutrons were detected by three 
paraffin embedded BF; counters subtending an angle of about 
—15° to +15° with respect to the beam direction. Prominent 
peaks in neutron yield were observed at 5.23, 5.6, 7.05, 8.46, 
9.22, 10.09, 12.66, and 13.95 Mev (lab) alpha-particle energy. 
These correspond to levels in the compound nucleus B" at 
12.00, 12.24, 13.16, 14.05, 14.53, 15.09, 16.73, and 17.55 Mev, 
respectively, which compare well with those reported in pre- 
vious work.! The measured ground state and first excited state 
thresholds of this reaction are 4.37 and 5.50 Mev (lab). A 
general rise in the neutron yield with indications of many 
contributing resonances has been observed between 14.5 and 
18.0 Mev bombarding energy. The observed threshold for the 
reaction Li®{a,n)B® is 6.63 Mev (lab) which corresponds to a 
Q value of —3.98 Mev in good agreement with earlier work.! 
Energy calibrations are based on an Al(p,n) threshold at 
5.800 Mev and the estimated error in the present determina- 
tion is +0.02 Mev. Neutron yield from the reaction Li*(a,n) B® 
increases by a factor of ten between 7 and 16 Mev bombarding 
sci of the a particles. 

‘Quopereed in gare by the U. S. Air Force Office of Scient 


Research. 
F. Ajzen — s and T. Lauritsen, Nuclear Phys: *. 1 (1959); 
R. Day and M, Walt, Phys. Rev. 117, 1330 (1960). 


AA6. Be®+-/p and Be*®+d Reactions at Low Energies.* J. A. 
BiGcGERsTAFF, R. F. Hoop, anp M. T. McELtistrem, Univer- 
sity of Kentucky.—Differential cross sections for proton and 
deuteron induced reactions in beryllium have been measured in 
a solid-target reaction chamber from 20° to 167° in the inci- 
dent energy range from 0.75 to 2.0 Mev. Protons, deuterons, tri- 
tons, and alpha-particles produced in the bombardment of self- 
supporting Be foils were detected with a thin CsI(T1) scintil- 
lator. Particle groups were identified on the basis of reaction 
kinematics and CsI(TI) fluorescent decay times.! Character- 
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istics usually attributed to direct reaction amplitudes were 
apparent in all reactions studied. The low Q-value Be*( p,d) Be® 
and high Q-value Be*(d,t)Be® reactions were compared, and 
yield very similar angular distributions over the energy range 
studied. The Be*(d,a)Li’ reactions to the ground and first 
excited states of Li’ show similar angular distributions near 
2 Mev, but dissimilar distributions at lower energies. Data for 
the Be%(d,p)Be” and Be*(~,a)Li® reactions have also been 
obtained. 

4 in add partially supported by the U. S. Atomic Energy Commission. 


ig gro R. F. Hood, and M. T. McEllistrem, Bull. Am. Phys. 
eee! = II 5, 441 (1960). 


AA7. Positions, Widths, and Cross Sections. of C!* Levels 
from the B'(He’,p)C!? Reaction.* C. P. Browne, W. E. 
DoRENBUSCH, AND J. R. ErskIne,t University of Notre Dame. 
—Proton groups from the B"(He*,p)C™ reaction leading to 
levels up to 16.2-Mev excitation were analyzed with a broad- 
range spectrograph. The bombarding energy was 3.74 Mev 
and spectra were taken at 11 angles from 5° to 139°. Pre- 
liminary values for excitation energies are 4.441, 7.651, 9.644, 
10.856, 11.863, 12.712, 14.088, 15.107, and 16.107 Mev. Widths 
of the 9.6-, 10.8-, 11.9-, and 14.1-Mev levels are 36+6, 
340+30, 247430, and 248+15 kev, respectively. Widths of 
the other levels are less than 15 kev. No levels were found at 
9.0, 11.1, 13.3, or 15.6 Mev. A level 2 Mev wide at 10.1 Mev 
would not have been seen above the high background fron 
three-particle breakup. Yields at each angle were measured 
relative to the yield of the B(He*,d)C™ reaction. An angular 
distribution of this reaction was obtained. Absolute differential 
cross sections were found by comparing the yields with the 
known yield from the B®(d,p)B" reaction. Cross sections are 
of the order of 0.15 mb/sr. 

* Supported by the joint program of the Office of Naval Research and 


the U. S, Atomic Energy Commission. 
Tt Now at Massachusetts Institute of Technology. 


AA8. Gamma-Ray Decay of the 7.66-Mev Level of C'.* 
Davip E. ALsurGerR, Brookhaven National Laboratory.— 
Proton-gamma-gamma triple coincidence measurements are 
being carried out on the B(He?,p)C” reaction at Ex. =2.2 
Mev using a geometry described previously.! Protons are 
detected in a ?-in. diam. by }-in. thick CsI scintillator, the 
gamma-ray detectors are 5-in. X5-in. Nal crystals, and the 
coincidence resolving time is ~8 musec. The pulse-height 
spectrum of protons in triple coincidence with the two gamma- 
ray counters, both channeled from 2.4-5.0 Mev, contains a 
line (~3 counts/hr) corresponding to the 7.66-Mev level of 
C23, This line is interpreted as resulting from the 3.23-4.43-Mev 
cascade gamma-ray decay of the 7.66-Mev level, although the 
possibility of an inelastic scattering effect is not excluded. 
When the ratio of the triples to singles counting rates of the 
7.66-Mev proton line is corrected by the appropriate gamma 
ray efficiency factors, the 3.23-Mev gamma-ray branch is 
found to be 3X10~ per decay of the 7.66-Mev level. This 
preliminary result, which at present is accurate to about 50%, 
is in agreement with the theoretical single-particle estimated 
branch of 210~. 

*Work performed under the auspices of the U. S. 


Commission. 
iD. E. tions R. E, Pixley, Phys. Rev. 119, 1970 (1960), 
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AA9. Proton Polarization in C'*(~,p)C'*. S. J. Moss, 
R. I. Brown, D. G. McDonaLp, AND W. HAEBERLI, University 
of Wisconsin.*—The polarization of protons elastically scat- 
tered from C™ has been measured in 10° intervals for labora- 
tory scattering angles from 20° to 140° at eight energies 
between 4.7 and 8.7 Mev. Protons scattered by self-supporting 
carbon targets (150-200 kev) entered a helium cell. The left- 
right asymmetry of the doubly scattered protons was measured 
with junction detectors at a mean scattering angle of 125° 
The analyzing power of helium was taken from Brockman.’ 
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The angular distribution of polarization at 6.2 Mev is charac- 
terized by a maximum at 70° (P = +0.92+0.08) and a minima 
at 40° (P = —0.83+40.01) and 100° (P = —0.70+0.05), where 
P is positive in the direction Kin XKout. As the energy is in- 
creased, the forward angle minimum decreases in absolute 
vaiue, while the back angle minimum increases. The maximum 
remains above P = +0.70 at all energies measured. Agreement 
with other measurements at 7 Mev (see Evans)? and 8 Mev 
(see Rosen)? is good. 

* Work supported by the U. S. Atomic Energy Commission and the 
Wisconsin Alumni Research Foundation. 

!K. Brockman, Phys. Rev. 110, 163 (1958). 

2J. E. Evans, Proceedings of the Symposium on Polarization Phenomena, 
Basel, Switzerland, 1960 (to be published). 


bd L. Rosen, Proceedings of the International Conference on Nuclear Structure 
(University of Toronto Press, Toronto, Canada, 1960). 


AA10. Elastic Scattering of Alpha Particles from C'*.* 
C, M. Jones, G. C. Patties, R. W. Harris, AND E. H. 
BECKNER, Rice University.—The elastic scattering of alpha 
particles from C™ has been measured in the energy range 2.5 
to 4.8 Mev using a recently constructed precision small volume 
gas scattering chamber. Excitation curves have been taken at 
the center of mass angles 66°7’, 70°7’, 90°0’, 99°15’, 109°24’, 
125°16’, 140°16’, 149°27’, and 166°35’, and angular distribu- 
tions have been measured at laboratory energies of 2.820, 
3.377, 3.989, and 4.640 Mev. The data will be presented and a 
preliminary phase shift analysis of the data will be discussed. 


* Supported in part by the U. S. Atomic Energy Commission. 


AA11. @ Particles from the 16.11 Mev State in C!*. MELVIN 
J. Brna AND RALPH E. SEGEL, Aeronautical Research Labora- 
tory.—The 16.11-Mev state in C!* is formed by the well-known 
163-kev B"+~  resonance.! Thick boron targets were bom- 
barded with protons just above the resonance energy and the 
resulting alpha-particle spectra were measured with silicon 
detectors. Two alpha-particle groups were seen: a sharp group 
due to breakup through the ground state of Be*(ao) and a 
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continuum due to breakup through the broad 2.9-Mev Be® 
first excited state (a;). Spectra were taken at every 15° from 
45° to 165°. An over-all ratio a; :a9 = 20:1 was found which im- 
plies Tao=325+50 ev if the width of the 16.11-Mev state is 
taken to be mainly due to the alpha width. This value of 
Tao is some factor of three larger than is listed in the literature.! 


1 F, Ajzenberg-Selove and T. Lauritsen, Nuclear Phys. 11, 1 (1959). 


AA12. Elastic Scattering of He* by C'*.* P. D. ForsytH 
AND G. S. Mant, Rice University.—The elastic scattering of 
He’ from carbon has been studied in the energy range 1.5 to 
5.5 Mev. The target was a thin, self-supporting foil of natural 
carbon. The scattered particles were detected by solid state 
counters. Preliminary results will be presented and compared 
with the He?’ reactions on the same nucleus. 


* Supported in part by the U. S. Atomic Energy Commission. 


AA13. Study of the Gamma Ray Yield from the C'*- 
(@,@’74.43)C'? Reaction.* G. E. MitcRELL, E. B. CARTER, AND 
R. H. Davis, Florida State University.—The excitation func- 
tion for C!"(a,a'y4.43)C" has been measured from 7.3 to 17.0 
Mev. Gamma rays produced in thin (<0.1 mg/cm?, 99% C#*) 
targets were detected with a 3-in. by 3-in. Nal (TI) crystal. 
Resonances were observed at bombarding energies of 7.94 
(1! =120 kev), 8.14 ([=50 kev), 8.95 ('=90 kev), 10.08 
(1! ~400 kev), and 10.19 (' =40 kev) Mev, where the widths 
quoted are observed widths. The corresponding excitation 
energies in O'* are 13.10, 13.25, 13.86, 14.71, and 14.79 Mev. 
The first three levels have been previously studied via N'5*+ ) 
reactions.!:? Above 11 Mev bombarding energy, there appear 
to be many unresolved levels. Most of the angular distributions 
throughout the region of well resolved resonances show a 
maximum in the vicinity of 30° and a minimum at 90°. 

* Supported in part by U. S. Air Force Office of Scientific Research. 


1F, Ajzenberg-Selove and T. Lauritsen, Nuclear Phys. 11, 1 (1959). 
? Bashkin, Carlson, and Douglas, Phys. Rev. 114, 1543 (1959). 
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Radioactive Nuclei, I 


Bl. Recoil Energy Spectrum for the § Decay of He’. 
C. H. JoHNsON, FRANCES PLEASONTON, AND T. A. CARLSON, 
Oak Ridge National Laboratory.—The energy spectrum of the 
Li® recoils following the 8 decay of He® was observed with the 
spectremeter which was used for an earlier investigation! of 
A*7, The spectrometer uses both magnetic and electrostatic 
deflectors in series so that the separate spectra of singly and 
doubly charged Li* ions can be observed and then combined 
into the total spectrum. Three states of differential pumping 
reduce the background so that better than 1% counting 
statistics are readily obtained over most of the spectrum. 
Preliminary results? presented at the 1958 Gatlinburg Con- 
ference showed the Gamow-Teller interaction to be predomi- 
nantly axial-vector. After that conference the spectrometer 
was modified and work was continued with an aim to improve 
and to establish the accuracy of the experiments. The major 
modification was the installation of a new electron multiplier 
whose efficiency is nearly independent of electrostatic focusing 
of the incident Li® ions. Measurements are now completed and 
at the present stage of analysis we find the correlation coeffi- 


cient to be —0.33+0.01 in agreement with —4 for the axial- 
vecter interaction. 
1A. H,. Snell and F. Pleasonton, Phys. Rev. 100, 1396 (1955). 


2 F. Pleasonton, C. H. Johnson, and A. H. Snell, Bull. Am. Phys. Soc. 4, 
78 (1959). 


B2. Electron Shake-off Following He®*, Li®. T. A. Cart- 
SON, FRANCES PLEASONTON AND C. H. JoHNSON, Oak Ridge 
National Laboratory.—The extent of electron shake-off follow- 
ing the 6 decay of He® has been experimentally determined 
with a specially designed mass spectrometer. By use of both a 
magnetic and an electrostatic analyzer in tandem, measure- 
ments were made on the charge distribution and recoil energy 
spectra of the resulting lithium ions. The percentages of the 
total number of decays for the different charged ions are as 
follows: Lit, 89.4+0.3; Lit*, 10.6+0.3; Lit**, 0.052+0.005. 
From the comparison of the recoil spectra for variously charged 
ions, an estimate was obtained of the role that kinetic energy 
plays in electron shake-off. This mode of excitation seems to 
account for about 4% of the total Lit* found and about 4 of 
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the Lit**, The results of the experiment are compared with 
theoretical calculations and are found to be in good agreement. 


B3. Lifetime and g Factor of the First Excited State in Fe**. 
F. R. Metzcer,* Bartol Research Foundation.—With the 
gamma rays from a gaseous source of Co*®* as the exciting 
radiation, resonance fluorescence from the first excited state 
of Fe®* has been observed. From a study of the self-absorption 
of the resonance radiation, a width T =(6.4+1) X10-5 ev was 
obtained. Making use of the large magnetic field at the position 
of the iron nuclei,! an attempt has been made to observe the 
rotation of the radiation pattern when the iron scatterer is 
placed in an external field which is perpendicular to the plane 
of the incident and the resonantly scattered gamma rays. The 
spin sequence 0-2-0 which characterizes the resonance scatter- 
ing from the 2+ level in Fe®* gives rise to a very anisotropic 
radiation pattern and thus provides a high sensitivity of the 
counting rate to rotation. Together with the large magnetic 
field this makes it feasible to observe the minute Larmor 
precession of the excited Fe®* nuclei during the lifetime of 

10 sec. Preliminary experiments indicate a positive magnetic 
moment for the first excited state of Fe®*, the g factor being 
g~+0.5: 

* Assisted by the Office of Naval Research. 


1S. S. Hanna, J. Heberle, G. Sab} recs R. S. Preston, and D. H. Vincent, 
Phys. Rev. mg er td 4, 513 (1960 


B4. Superallowed 6+ Decay of K*™, Sc**, Ti“, and the 
Lowest 7=0 Level in Sc‘. Horst JUNG AND JOACHIM 


JANECKE,* Max-Planck-Institut fur Kernphysik, Heidelberg 
(introduced by W. C. Parkinson).—-The shortlived 8* activi- 
ties have been produced by a, reactions with the Heidelberg 
cyclotron and measured with a scintillation detector. The 


maximum £#* energies of 5.00+0.10 Mev (K**™), 5.32+0.15 
Mev (Sc), and 5.81+0.20 Mev (Ti*) are in agreement with 
the predictions of a semiempirical formula! and with the known 
K*™ values. The measured half-lives agree with the known 
half-lives and the ft values of K**™ and Sc agree with the ft 
value of O. From the existence of the superallowed decay of 
Sc*, it follows that there is isomerism and/or inversion of the 
lowest T=0 and T=1 states. In a search for a long-lived Sc® 
activity, natural and enriched K compounds were bombarded 
with @ particles up to 43 Mev. A weak activity of about 14 d 
half-life was found,? but this could be interpreted as P*, 
produced from Cl** only with high energy a@ particles. Since 
no isomerism in Sc conid be found, it is probable that the 
lowest T=0 and T=1 levels are inverted as in Cl™. 
* Present address: The University of Michigan. 
5H anacee Zt. Physik 160, an (1960). 


Phys. Rev. 57, 163 (1940). 
3cf. N. T. Porile, Bull, Am. Phys Son: Ser. II, 5, 405 (1960). 


BS. Decay of As”. E. Eicater, R. L. Rosinson, G. D. 
O’KELLEyY, AND Noa R. Jounson, Oak Ridge National Labo- 
ratory.*—New light has been shed on the level structure of 
Ge™ by studying the radiations from As”. After subtraction of 
the positron annihilation-in-flight continuum from the singles 
spectrum, the following y ray peaks (and relative intensities) 
were resolved: 0.60 (100), 0.635 (30), 1.20 (0.4), 1.6 (0.02), 
2.18 (0.04), and 2.53 (0.01) Mev.! By gating on the 0.60-Mev 
ray, coincidence peaks were extracted from the continuum 
at 0.60, 0.70, 0.88, 0.99, 1.11, and 1.59 Mev. A measurement 
of the directional correlation of the 0.60-0.60 Mev cascade 
yielded coefficients A: = —0.248+0.044 and A,=0.251+0.070, 
which are consistent with a 2-2-0 spin sequence and a value 
of approximately 3 for 5, the mixing coefficient, which agrees 
with the Davidov-Filippov? prediction of 2.7. These data and 
those obtained from a study of the decay of Ga” lead to energy 
levels in Ge™ at 0.598 (2*), 1.20 (2*), 1.47 (4*), 1.71, 2.18, 
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2.53, 2.95, 3.05, 3.17, 3.33, 3.41, 3.57, and 3.83 Mev. 
value, 18. 040.2 days, was obtained f for the As” half-life. 


* Operated by Union Carbide Corporation for the U Atomic Energy 


Commission. 
1 cf. Nuclear Data Sheets for results of other workers. 
A. S. Davidov and G. F. Filippov, Nuclear Phys. 8, 237 


(1959). 

B6. Positron Decay of Y*.+ J. I. RHopr,* O. E. JoHNson, 
AND W. G. Situ, Purdue University.—The weak ( ~0.2%) 
positron mode of decay of Y** was studied using a 4m B ray 
scintillation spectrometer which recorded only those positrons 
in coincidence with the simultaneous detection of two annihila- 
lation quanta and a 1.84-Mev y ray. The Fermi-Kurie plot 
constructed from the experimental positron distribution is 
linear above 280 kev, and the linear extrapolation of a straight 
line least-squares fitted to the data above 280 kev yields an 
end-point energy of (766+10 )kev. This positron transition 
is to the 2*, first excited state of Sr®* at 1.84 Mev. The positron 
spectrum does not show the once forbidden unique shape that 
would be expected if the previous asignment of 4~ for the Y ** 
ground state was correct. Below 280 kev the Fermi-Kurie plot 
deviates from the extrapolated striaght line in a manner which 
could indicate the presence of other weak positron transitions. 
The results of various coincidence studies using the 6 and 4 
radiations associated with the decay of Y** will be presented 
The bearing of these measurements on the interpretation of 
the low energy portion of the positron distribution and the 
Y*®8 decay scheme will be discussed. 


} Supported in part by U. S. Atomic Energy Commission. 
National Science Foundation Predoctoral Fellow. 


B7. Y*-Sr* Mass Difference.* S. M. SHarroia, Bartol 
Research Foundation.—In order to investigate a reported! 
200-kev discrepancy in the Y**-Sr®* mass difference, depending 
on whether it is obtained from Y** positron decay? or from the 
Sr**(p,n) Y** threshold, we have remeasured the latter quantity 
(4454+8 kev) as well as the Sr**( p,7) Y*** (394 kev y) thresh- 
old (4848+6 kev). The 394-kev y threshold could in principle 
be located to better than 1 kev since the y yield ~(£,—Em)! 
over an extended range of E,. The (p,m) threshold gives 
Y*-Sr** = 362148 kev and the (p,n,7) threshold combined 
with the measured y energy (394+2 kev) gives 3617+6 kev. 
These results are in essential agreement with Nelson ef al.' and 
in disagreement with Ramaswamy and Jastram,? whose posi- 
tron end point energy leads to Y**-Sr®*=3422+31 kev. A 
preliminary search using a natural strontium target reveals no 
evidence for a 200-kev y at E, <4848 kev or for an additional 
neutron group at E,<4454 kev such as might be expected 
from positron decay experiments.? Thus this experiment gives 
no evidence for new levels in Y** or Sr**. Therefore we feel 
that the positron decay should be studied further. 

* Assisted by the U. S. Atomic Energy Commission. 

1 J. W. Nelson, H. S. Adams, R. H. Davis, J. D. Fox, N. P. Heydenburg, 

. Plendl, R. K. Sheline, and G. M. Temmer, Bull. Am. Phys. Soc. 5, 


424 (1960). 
2M. K. Ramaswamy and P. S, Jastram, Nuckar Phys. 19, 243. 


B8. 3.14 Hr Isomeric Level in Y".t J. E. Cine, R. L. 
Heatu, C. W. Retcu, anp E. H. Turk, Phillips Petroleum 
Company.—A previously unreported 3.14 hr isomeric activity 
has been produced in Y® by thermal neutron irradiation of 
Y®. The decay of the isomeric level is characterized by the 
emission of two cascade y rays of 0.482 and 0.203 Mev. Con- 
version coefficient measurements indicated that the isomeric 
level at 0.685 Mev decays by M4 or E5 radiation to an inter- 
mediate level at 0.203 Mev followed by a predominantly M1 
transition to the ground state of Y®. Gamma-gamma direc- 
tional correlation measurements and internal conversion meas- 
urements indicate that the level at 0.203 Mev has spin and 
parity of 3- and that the level at 0.685 Mev has spin 7 or 8 
and has even parity. Shell model configurations have been 
tentatively assigned to these levels. These assignments will be 
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compared to those proposed by Bartholomew! from neutron 
capture y-ray studies. 

tT Work performed under the auspices of the U. S, Atomic Energy 
Commission. 


1G, A. Bartholomew, P. J. Campicn, J. W. Knowles, and G. Manning, 
Nuclear Phys. 10, 590 (1959). 


B9. Decay of Y°?.* M. E. Bunker, J. D. Knicurt, J. W. 
STARNER, AND B. J. Dropesky, Los Alamos Scientific Labo- 
ratory.—The decay of the fission product Y% (3.53 hr) has 
been studied with scintillation spectrometers and a solenoidal 
8 spectrometer (0.8% momentum resolution). The observed 
v rays have the following energies (Mev) and relative inten- 
sities: 0.448 (17), 0.49 (3.7), 0.56 (23), 0.84 (5.2), 0.90 (6.2), 
0.932 (100), 1.12 (1.8), 1.39 (34), 1.83 (2.9), and 2.06 (0.4). 
These data, along with results of our y-y coincidence and 
angular correlation measurements, indicate the existence of the 
following levels in Zr%* (energies in Mev): 0.932 (2*), 1.380 
(O*), 1.49 (4*), 1.83 (2*), 2.05 (2+), and 2.32 (3-). The spins 
of the 1.380-, 1.49-, and 2.32-Mev levels were determined 
through study of the angular correlations of the (0.448—0.932)- 
(0.56-0.932)-, and (1.39-0.932)-Mev +-y cascades, respec- 
tively. The other spins were assigned primarily through selec- 
tion-rule arguments. The 3.64-Mev ground-state 6 transition 
has an intensity of 86% (log ft=7.8) and a first-forbidden 
unique shape, establishing the spin and parity of Y®% as 2-. 
There are direct 8 transitions to each of the Zr® excited states 
given above. Except for the transition to the 3~ state (log 

=7.1), the corresponding log ft values are all ~8.5. 


*Work performed under the auspices of the U. S. 
Commission. 
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B10. A Long-Lived Isomer of Rh*.* M. I. KALKSTEIN, Air 
Force Cambridge Research Laboratories.—A long-lived tail to 
the decay curve of 210-day Rh" K x rays has been observed 
in rhodium samples obtained from high altitude collections of 
nuclear weapons debris. Decay of a standard, prepared prior 
to the 1958 weapons production, has been followed for over 
2 yr and indicates a half-life of roughly 2.5 yr. There is little 
or no evidence for a long-lived component in the decay curve 
of the 6 radiation of Rh"*. This is taken as evidence that the 
decay of the long-lived isomer is predominantly by electron 
capture with very little branching by 8, positron, or low energy 
isomeric transitions. Gamma-ray spectra measurements ex- 
hibit a longer-lived component as has also been observed by 
McGowan and Stelson.! In addition, a comparison of the y-ray 
spectrum of rhodium activity produced by the reaction of a 
low flux of 14 Mev neutrons on rhodium with that produced 
by a large nuclear weapon reaction on rhodium, gives con- 
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vincing evidence for the mass assignment of the 5-yr Rh”! 
isomer.? 

t Supported in part by oe U. S. Atomic Energy Commission. 

on K. McGowan and P. H. Stelson, Bull. Am. Phys. Soc. 5, 448 (1960) . 


D. J. Farmer, Phys. Rev. 99, 659A. (1955) ; and aaeee Hisatake, James 
Tr. Jones, and J. D. Kurbatov, Bull. Am, Phys. Soc. 1, 217 (1956). 


Bll. M3 Isomeric Transition in Sn"*.* MARCEL SCHMORAK, 
Guy T. Emery, AND GERTRUDE SCHARFF-GOLDHABER, Brook- 
haven National Laboratory.—Selinov and Chikladze' discovered 
Sn™3™(27+3 min) and concluded that the 79.3 kev isomeric 
transition is M4 from the K/L ratio. We have observed a 
20+1 min activity in tin enriched in Sn" irradiated with slow 
neutrons. The scintillation spectrum showed K x rays and a 
single y ray of 7943 kev. The K conversion coefficient 
(ex =95) and the half-life show that the isomeric transition is 
M3. A (12+43)% K electron capture branch from the isomeric 
level was found, and an upper limit of 10~* was placed on the 
ratio of positron emission to electron capture. The latter value 
limits the decay energy to <1.15 Mev and since it is known 
from previous work to be >0.76 Mev, a log ft value of 4.30.2 
for the decay from the isomeric state to the (9/2)* ground 
state of In"* results. The proposed spins and parities are thus 
$* for Sn™” and $* for Sn™*, These results will be compared 
with the theoretical predictions of Kisslinger and Sérensen. 

+t Work performed under the auspices of the U. S. Atomic Energy 
a 


P. SeJinov and V. L. Chikladze, Zhur. Eksp. i Teoret. Fiz. 38, 1012 
sen [English translation: Soviet Phys.—JETP 11, 728 (1960) ]. 


B12. Lifetime of the First Excited State in Sn"’.* ANGELA 
C. Li,t Marcet SCHMORAK, AND A. SCHWARZSCHILD, Brook- 
haven National Laboratory.—The half-life of the 161-kev 
transition in Sn"? was measured by the delayed coincidence 
method. The 14-day Sn"’™ was produced by neutron bombard- 
ment of enriched Sn™*. Conversion-electron—conversion elec- 
tron coincidences were observed using diphenyl-acetylene 
scintillators. A 6BN6 time to pulse height converter was used 
to determine the lifetime. The “prompt” time distribution 
exhibits exponential slopes which decrease a factor of 2 in 
1.5X10-" sec. The slopes observed with the Sn source yield 
7;=(3.1+0.3) X10~” sec for the first excited state. Since the 
energies of the conversion electrons from both members of the 
cascade are almost identical, the coincidences exhibit the life- 
time on both sides of the time spectrum. Time spectra observed 
in electron-y ray coincidences resulted in the same lifetime. It 
is known that the transition is essentially pure M1 and is 
l forbidden, occurring between the d} and s} states. The 
measured lifetime is 60 times slower than single particle speed. 
It is interesting to compare this with the similar 24-kev tran- 
sition in Sn™ which is retarded by a factor of 80+20. 

*Work performed under the auspices of the U. S. Atomic Energy 


Commission. . 
t Graduate student—New York University. 


Monpbay Morninc at 10:00 


Franklin Room 


(R. M. BozortH presiding) 


BAI. On the Indirect Exchange Model for Ferromagnetic 
Metals. S. H. Liu, IBM Research Laboratory.—The ferro- 
magnetic properties of rare earth metals and their alloys are 
discussed in terms of the indirect exchange model. It is shown 
that in calculating the Curie temperatures of these metals the 
simple theory of Fréhlich and Nabarro and Zener is applicable. 
The second-order energy terms calculated by Ruderman and 
Kittel, Kasuya, and Yosida are important in discussing the 
low temperature properties. Some numerical results are ob- 
tained which are in good agreement with the experiments. 


BA2. Fe*’? Mossbauer Effect in Cu-Ni Alloys. G. K. WERt- 
HEIM AND J. H. WERNICK, Bell Telephone Laboratories.—The 
Mossbauer effect of Fe5’ produced by the decay of Co*’ diffused 
into Cu-Ni alloys covering the range of composition from pure 
Ni to pure Cu has been observed with an absorber of 
K,Fe57(CN)¢-3H2O. Measurements were made at 4°K to 
determine the isomer shift, the magnetic field at the Fe*’ 
nucleus, and the linewidth. The isomer shift increases slowly 
in the ferromagnetic range (0 to 60% Cu) and considerably 
faster in the paramagnetic range (60 to 100% Cu). This is 
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consistent with an interpretation relating the isomer shift to 
the location of the Fermi level through its effect on the filling 
of the 3d shell of the iron. The magnitude of the shift between 
Cu and Ni is small, however, leading to the conclusion that 
the iron d shell, unlike the d band in the alloy, is filled only to a 
very small extent by the Cu s electrons. The field at the iron 
nucleus decreases from 2.82 X 105 oe in pure nickel to 2.46 X 10° 
oe in a 45% Cu alloy. In the same range of composition the 
magnetization in the alloy decreases by 75%. No hfs was 
observed in a 55% alloy. The origin of the probably negative 
hyperfine field at the Fe nucleus is the exchange polarization 
of inner s electrons by the ferromagnetically coupled d spins. 
An additional contribution to the field results from the ex- 
change interaction between conduction s electrons and d 
electrons. 


BA3. A Study by the Missbauer Method of the hfs Split- 
ting of Au'*’ Alloyed in Cobalt and Nickel. L. D. RoBerts, 
Oak Ridge National Laboratory, AND J.O. THomson, University 
of Tennessee.—Au” has a $+ ground state and a $* first excited 
state at 77 kev. Although gold is normally nonmagnetic, when 
it is alloyed in iron it partakes of the ferromagnetism of the 
latter through a magnetic polarization process.! This polariza- 
tion produces a hfs splitting of the above ground and excited 
states of gold. The previous work! on iron alloys has been 
extended to one at.% gold in cobalt and to one at.% Au in 
nickel. The measurements were made at helium temperatures 
by the Méssbauer method using a Pt!®? metal source and either 
of the above Au-Co or the Au-Ni alloys as absorber. In the 
case of Co, two lines are observed, each being an unresolved 
triplet. The separation of these lines is approximately 0.80 
cm/sec with a line width of about 0.6 cm/sec and a chemical 
shift of about 0.4 cm/sec. For the excited nuclear state, these 
measurements give |u»/{o| =3.3X105. For the Ni alloy, only 
one line is observed. Its width is about 0.6 cm/sec, the chemical 
shift is about 0.4 cm/sec and u,Ho~0. 

1L. D. Roberts and J. O. Thomson, Bull. Am. Phys. Soc. 5, 75 (1961). 


BA4. Magnetic and Crystallographic Study of Neodymium- 
Substituted Yttriurn and Gadolinium Iron Garnets. S. GELLER, 
H. J. WiLiiaMs, AND R. C. SHERWOOD, Bell Telephone Labo- 
ratories.—A study of the garnet systems {R;_,Nd.}Fe2Fe;O12, 
R=Y or Gd, indicates, as expected, that the moment con- 
tributed by the Nd** ion adds to that of the resultant con- 
tributed by the iron, sublattices similar to results of earlier 
work by others on intermetallic systems involving rare earths 
and also on Nd- and Pr-substituted yttrium iron garnets. 
This has been explained on the basis that in L-S ions Nd and 
Pr, J is generally directed oppositely to S. If the 0°K moments 
of the Gd** and Fe** ions are taken as 7.0 and 5.0 we when 
R#=Gd and 1.0 uz when R=Y. Also a null method involving 
the garnet system {Gd2.Y:Nd}Fe:Fe;0;. gives a O0°K 
moment of 1.2 wz for the Nd** ion. The possible causes of the 
differences will be discussed. Maxima have been found for 
amounts of Nd substitution in Y, Gd, and Sm iron garnets. 
These data, in turn, lead to prediction regarding maximum 
substitution of Nd in most other rare earth iron garnets and 
also predict a maximum lattice constant close to 12.538 A 
for any iron garnet. 


BAS. Magnetism of Dilute Solutions of Iron-Group Ele- 
ments in Platinum Metals. R. M. Bozortn, D. D. Davis, AND 
J. H. Wernick, Bell Telephone Laboratories.—Ferromagnetic 
Curie points @ and ferromagnetic moments per iron-group 
atom na have been derived from measurements at low tem- 
peratures and high fields (to 1.3°K, 12 koe). The lowest con- 
centration of Ni in Pd to support ferromagnetism is about 
2 at.%; the limiting concentration of Co in Pd is below 0.1 
at.%, when the average distance distance between Co atoms is 
about 10 at. diam.' Values of 0, m4, and the limiting concen- 
tration for ferromagnetism are sensitive to both solute and 
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solvent atoms, for they depend on the atomic moments of 
each kind of atom and on the exchange interaction between 
atoms of one kind in a medium of another. The values of @ and 
na in dilute Co-Pd alloys! are quickly reduced by substitution 
of Rh or Ag for some of the Pd. When Cu replaces Pd in alloys 
containing 1 at.% Co the ferromagnetic moment of the Co-Pd 
complex is quickly reduced from its maximum of about 9 Bohr 
magnetons per cobalt atom and goes to zero at about 40 
at.% Cu. Dilute Co-Rh, Ni-Rh, and Ni-Pt alloys are not 
ferromagnetic; even Nio,,Pto.. is paramagnetic at 1.3°K. 


1R. M. Bozorth, Wolff, D. D. Davis, Compton, and J. H. Wernick, Phys. 
Rev. (to be published). 


BA6. Magnetization of Nickel Single Crystals. ALVIN W. 
JENKINS, JR., AND LAMBROS TTERLIKKIS, University of Denver. 
—A calculation of the magnetization curves of nickel single 
crystals is made by the method of Lawton and Steward! for 
arbitrary orientation of the crystal in the field. The anisotropy 
coefficients are calculated from experimental curves with the 
applied field in symmetry directions, and it is found that only 
K, can be determined reliably with the data used. The calcu- 
lated off-axis curves agree well with experimental results. A 
correcting field determined from the easy-axis magnetization 
curve is utilized to compensate for internal strain effects. The 
relation between the calculated field minus the observed field, 
and the easy-axis field suggests a possible method for measur- 
ing internal strain energy in ferromagnetic crystals. 


1H. Lawton and k. H. Steward, Proc. Roy. Soc. (London) A193, 72 


(1948). 


BA7. Antiferromagnetic Resonance in FeF, at Far-Infrared 
Frequencies.* R. C. OHLMANN,{ University of California, 
Berkeley.—Antiferromagnetic resonance in single crystals of 
FeF: was observed between 1.5° and 66°K (Ty =78.4°K), in 
the frequency region from 25 cm™ to 100 cm~. The resonance 
frequency at T7~0 was found to be #(0)=52.7+40.2 cm™. 
From this frequency the uniaxial anisotropy constant at 
absolute zero, K(0), was inferred to be 1.1X10® ergs/cm® 
(40 cm—/atom). Measurements of the splitting of the line 
caused by an external magnetic field gave g;,=2.25+0.05. 
The anisotropy energy in FeF>2, being primarily due to the 
crystalline field-spin-crbit interaction, may be described by 
a term 2; DS, in the Hamiltonian. By including this inter- 
action in the molecular-field treatment, we have determined 
D=—9+2 cm™ and have calculated the temperature de- 
pendences of the sublattice magnetization, the anisotropy 
constant, the resonance frequency, and the line width, the last 
two being compared with the experimental results and found 
to be in reasonable agreement. The line widths were found to 
follow a T* law above 15°K. 


* Supported in part by the National Science Foundation, the Alfred P. 
Sloan Jeundation. and the Office of Naval Research. 

t address: Westinghouse Research Laboratories, 
Pennsylvania. 


Pittsburgh, 


BAS. Several Soluble One-Dimensional Antiferromagnets. 
E. Lies, T. ScHULTz, AND D. Mattis, IBM Research Center. 
The ground state properties and thermodynamics of several 
one-dimensional quantum mechanical antiferromagnetic chains 
with nearest neighbor interactions have been found exactly 
Two of the models have the Hamiltonians 

Ay =S1° S24+-S22S3? +S3* Sa tSS5? ++ °°; 

and 

N 

Hy= 2 (Sj-Sj41—Sj*5j 41°). 

y= 
Hi, and Hz have no long-range order in the ground state, but 
some anisotropic modifications of them do have order. Aside 
from the inherent mathematical interest of such soluble models, 
the physical properties are also interesting; and we find that 
the thermodynamics and order can depend sensitively on the 
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model chosen and that one cannot guess these properties 
a priori. 


BA9. Ferromagnetic Nucleation Sources on {Iron Whiskers. 
R. W. DE Bots, General Electric Research, Laboratory.—Pre- 
vious experimental work has established that the near perfec- 
tion of some selected iron whiskers brings the axial magnetic 
field required to nucleate the reversal of magnetization close 
to the theoretical coercive force limit of 2K/M, (560 oe at 
20°C).! Further experiments now show an approximately 
constant shift of the nucleation-field contour along an iron 
whisker with change in temperature, increases in nucleation 
field of several hundred oersteds along the lengths and at the 
tips of several iron whiskers following electropolishing, and a 
correlation between observed microscopic surface imperfec- 
tions and regions of nucleation-field minima. These results 
support current ideas that abrupt surface contour variations 
are primarily responsible for reducing the observed nucleation 
fields for iron whiskers to below the ideal value. 


1R. W. De Blois and C. P. Bean, J. Appl. Phys. 30, 225S (1959). 
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BA10. Polarization of ~ Rays from Co“ Nuclei Oriented in 
Cerium Zinc Nitrate.* R. C. Sapp, D. K. BRICE, anp W. W. 
SrrouM, JR., University of Kansas.—A model for the influence 
of magnetic interaction on nuclear orientation of cobalt iso- 
topes in cerium double nitrate has recently been proposed!; it 
involves multiaxial spin alignments of the cobalt nuclei as a 
result of interaction with the cerium ions through a dipolar 
‘internal field.” Quantitative determination of the degree of 
y ray polarization affords an independent check on this model 
below 7X10-*°K. Such measurements have been undertaken 
by utilizing the polarization dependence of the Compton 
scattering cross section. Measurement of the degree of polariza- 
tion is strongly dependent on correctly assessing the effects of 
prompt background and finite geometry of the polarimeter, 
and the building of adequate statistics. If these factors are 
properly evaluated, it appears that the degree of linear polari- 
zation p; is consistent with the internal field model. 


* Assisted by the National Science Foundation and the Office of Naval 
Research. 
1M. W. Levi, R. C. Sapp, and J). W. Culvahouse, Phys. Rev. 121, 538 


MonpbaAy MornInG AT 10:30 


- Sheraton Hall 


(CONYERS HERRING presiding) 


Invited Papers 


Cl. Theoretical Energy Band Structures for the Noble Metals. BENJAMIN SEGALL, General Electric 


Research Laboratory. (30 min.) 


C2. Cyclotron Resonance in Metals. A. F. Kip, University of California, Berkeley. (40 min.) 


Monpbay MorNING aT 10:30 


Cotillion Room, North 


(D. R. INGLIs presiding) 


Invited Papers 


CAl. Some Effects of Pair Correlation for Deformed Nuclei. SrEvEN WEINBERG, University of 


California, Berkeley. (30 min.) 


CA2. Muons and Electrons. S. G. Nitsson, University of California, Berkeley. (30 min.) 


Monpbay MornincG AT 10:00 


Adams-Hamilton Room 


(R. F. Curisty presiding) 


Theoretical Physics, I: Nuclear Structure, I 


CB1. Approximate Total Nuclear Binding Energy.* Kruck 
Lee, Marquette University—The usual method of evaluating 
the approximate total nuclear binding energy from the single 
particle energies is modified to account for the empirical total 
binding energy. Namely, 3 2, [(V;)—e;] is subtracted, instead 
of 4 2;(V;), from the sum of the single particle energy e; to 
avoid counting the two body interactions twice, which is 
equivalent to the introduction of the velocity-dependent 
potential. The total energies of typical nuclei estimated from 
this equation, using a realistic potential and the resulting 


eigenfunctions and eigenvalues determined by Green! without 
considering the Coulomb effect, is in good agreement with 
those values obtained from the Weiszaecker’s empirical for- 
mula. Details of the calculation will be discussed. 


* Supported by -he National Science Foundation. 
1A, E, S. Green, Phys. Rev. 102, 1325 (1956). 


CB2. Pear-Shape Nuclear Deformation.* Ricwarp A. 
HAERTLE AND Kriuck Ler, Marquette University.—Nilsson’s 
calculation! is extended to evaluate exact single-particle levels 
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for a pear-shaped nuclear deformation. The transform of the 
potential used by Lee and Inglis? is considered for simplicity. 
The exact eigenvalues are obtained with the help of IBM 7070, 
using the harmonic oscillator representation after Nilsson. 
Preliminary results show considerable depression in some 
single-particle levels for large deformation, indicating the 
possible stability of such deformation in heavy nuclei. Details 
of the calculation will be presented. 

* Supported by the National Science Foundation. 

1S. A. Nilsson, Kgl. Danske Videnskabe Selskab, Mat. Fys. Medd. 29, 


No. 16 (1955). 
Kiuck Lee and D. R. Inglis, Phys. Rev. 108, 774 (1957). 


CB3. S-State Interaction and Nuclear Properties.’ S. A. 
Moszkowsk!, University of California, Los Amngeles.—The 
properties of nuclear matter are being studied assuming a 
nonlocal S state two-body interaction of the form (in mo- 
momentum space) V(k,k’) = -- Uigi(k)gi(k’) + Usge(k)go(k’), 
where gi(k) =exp(—)Ak*), go(k) =k%g,(k). The second term 
simulates a short-range repulsion. However, the interaction is 
nonsingular, so that a perturbation expansion converges 
rapidly. By suitable choice of parameters, it is possible to 
approximately fit low-energy two-body scattering data and 
also the binding energy and equilibrium density of nuclear 
matter. It would seem that any satisfactory representation of 
the nucleon-nucleon interaction should fit at least these 
quantities. In this sense, the above interaction may be more 
realistic than conventional local interactions used in many 
shell model calculations to date, which fit low-energy two-body 
data, but not the properties of nuclear matter. Of course, the 
S state interaction cannot fit high-energy data or polarizations, 
but perhaps this might not be too important for low-energy 
nuclear properties. We have used this interaction for a calcu- 
lation of other nuclear properties, e.g., symmetry energy, 
surface energy, and surface thickness and obtain reasonable 
agreement with empirical values. 


* This work was supported in part by the Office of Ordnance Research. 


CB4. Lowest State of a Nucleus with a Specified Angular 
Momentum According to the Fermi Gas Model. DanieL 
SPERBER, Armour Research Foundation.—The energy of the 
lowest state of a nucleus with a specified angular momentum 
is calculated on the basis of the Fermi gas model. It is assumed 
that all observable quantities are sums of contributions from 
single particles. The total energy is minimized, keeping in 
mind the subsidiary conditions: (a) specified number of nu- 
cleons and (b) specified angular momentum. As a result of the 
variational calculation, the following information about the 
lowest state with a specified angular momentum was obtained: 
(i) the shape of the occupied region in momentum space for 
each point in coordinate space, (ii) the shape of the deformed 
nucleus, and (iii) an effective moment of inertia for the rota- 
tional motion. Two potentials were used: a square well po- 
tential! with a supplementary surface-tension energy propor- 
tional to the surface area of this potential well, and the indi- 
vidual nucleon moving in a harmonic oscillator well. 


CBS. Nuclear Many-Body Problem.* FRANz MOHLING, 
Cornell University.—The methods of quantum statistics pre- 
viously developed by the author have been applied to the 
determination of properties of the ground state of nuclear 
matter. An expansion in powers of the pair function of 
quantum statistics is made and expressions are derived for the 
momentum distribution, pair correlation function, ground- 
state energy, and effective single-particle energies. The leading 
terms of these expressions can be interpreted in terms of an 
effective two-body potential for nuclear matter. A model of 
nuclear matter which consists of weakly interacting quasi- 
particles, whose energies are the effective single-particle 
energies, is therefore suggested. The proposed expansion is 
likely to converge rapidly, since by explicit computation for 
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an S wave (square-well+hard-core) nuclear interaction, the 
two-pair term for the ground-state energy is shown to be 
10% of the one-pair term. The analysis is limited to the 
region of nuclear densities for which the thermodynamic 
potential is negative. 

* Supported in part by joint contract of Office of Naval Research an 
U. S. Atomic Energy Commission. 


CB6. Refinement of a-Decay Branching Relations for Odd- 
Mass Spheroidal Nuclei.* Joun O. RasMussEN, University of 
California, Berkeley—The branching ratio relationships pro- 
posed by Bohr, Fréman, and Mottelson! have been applied 
with considerable success to the L=2 groups of favored a 
decay of odd-A nuclei. They would be exact in the limit either 
of infinite nuclear moment of inertia or zero electric quadrupole 
moment. Two kinds of corrections are made to the BFM 
predictions in this work. First, there is a small correction 
arising from Coriolis mixing. Second, there are quadrupole 
coupling effects. We treat the quadrupole effects approxi- 
mately by calculating the quadrupole coupling energy at the 
classical turning point of each partial wave and assume this 
energy to have an exponential effect on the intensity. For U2* 
the BFM theory predicts alpha intensities of 83.7, 14.6, 2.29, 
0.094, and 0.0081%, respectively, to the first five states of the 
ground rotational band. After our corrections the predictions 
become, for / =2 and 4 in phase, 83.5, 14.6, 1.88, 0.092, 0.0043% 
and, for /=2 and 4 out of phase, 84.4, 14.1, 1.55, 0.051, and 
0.0058%. 


* Work under auspices of the U. S. Atomic Energy C ssion 
1 Bohr, Fréman, and Mottelson. Kgl. Danske Videns ~* - "Sels! kz ite Mat 
Fys. Medd. 29, No. 10 (1955). 


CB7. Magnetic Octupole Moments of Deformed Nuclei.* 
S. A. WILLIAMS AND J. P. Davipson, Rensselaer Polytechnic 
Institute—The magnetic octupole moment of an odd-A 
nucleus described by the axially symmetric collective model 
has been calculated. The results of this calculation have been 
applied to those nuclei whose energy spacings are reasonably 
well described by this model as well as to the seven nuclei 
whose octupole moments have been measured, although the 
latter lie well outside of what is normally considered to be the 
region of applicability of the model. The parameters involved 
have been determined by fitting the measured values of the 
lower moments, transition probabilities and energy spacings 
The assumption has been made that the orbital gyromagnetic 
ratio g: for the odd particle is that of a free particle. Then, 
from the total gyromagnetic ratio of the particle, which is 
determined from the magnetic dipole moment and M1 tran- 
sition probabilities, the spin gyromagnetic ratio zg, was de- 
termined. A table comparing the theoretical results with the 
seven experimental results will be shown, as well as a predictive 
table of magnetic octupole moments for other nuclei. 


* Supported by the National Science Foundation. 


CB8. Octupole Vibrations of Spheroidal Even-Even Nuclei.* 
P. O. Lrpast AND J. P. Davipson, Rensselaer Polytechnic Insti- 


tute.—The systematically occurring K =0— and K =2— bands 
chserved in deformed even-even nuclei are explained by allow- 
ing the nuclear surface to have two octupole degrees of free- 
dom, corresponding to the spherical harmonics Yao and Y3x2, 
in addition to the usual 8 and y quadrupole degrees of freedom. 
The appropriate hydrodynamic moments of inertia are used, 
and the Schrédinger equation is solved approximately for small 
oscillations about a spherioidal equilibrium shape. In addition 
to the usual 6 and y vibrations one thus finds a ‘‘6 vibrational 
band” (K=0—, J=1, 2, 5 -) and a “g vibrational band” 
(K=2—, I=2, 3, 4, ---), in qualitative agreement with 
experiment. Not knowing the mass and elastic parameters 
associated with the various degrees of freedom, one cannot 
make quantitative predictions of vibrational band heads 
When £8 and } bands are observed in the same nucleus, in 
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most cases they are found to lie within 300 kev of each other. 
Likewise y and g bands are separated by no more than 300 kev 
in the strongly deformed regions (94 NS110 and N2138). 


* Supported in part by the National Science Foundation. 
t An International Atomic Energy Agency Fellow, 1959-1960, 


CB9. Rotor-Particle Model for Odd-A Nuclei.* B. E. Cui 
AND J. P. Davipson, Rensselaer Polytechnic Institute-—Energy 
levels of a single nucleon coupled to an even-even core are 
obtained by diagonalizing the collective Hamiltonain given 
by H=thwo(h,+h,), where 


he =Px«2=(I,— j,)?/sin*(y —2rv/3), 
hp=N+3-—8 cosyr? ¥2(0, ¢) —2798 siny[ Y27(0, ¢) 
+ ¥:-%(8, g) ]—2xl-s. 


The symmetrized spherical top-spherical oscillator states 
| NIMK jQ) are used as a basis, N being the principal quantum 
number of the oscillator. Elements connecting different values 
of N are ignored. The parameter « is that of Nilsson’s,' 8 and + 
are the usual deformation parameters, and P is a mass param- 
eter for the rotor. The energy level structure, static moments, 
and reduced matrix elements have been calculated as a func- 
tion of P, 8, and y. Results for odd-A nuclei in the region 
A =25 will be discussed. 


* ; supported in part by the National Science Foundation. 
. G. Nilsson, Dan, Mat. Fys. Medd. 29, 16 (1955). 


CB10. Rotational Motion in a Many-Particle System. 
T. Sasakwa, M.J.T.—Based on quite orthodox quantum 
mechanics, it is shown that in an N-particle system we can 
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always divide the whole motion into three parts: the center of 
mass motion, the rigid rotation as a whole, and the intrinsic 
translational motion. The resulting formulas have nice simi- 
larity with the corresponding formulas in classical mechanics. 
The story is quite general and may find its application to 
molecular physics as well as nuclear physics. 


CB1l. On Nuclear Forces in the Radional Field. ANATOL 


is a subparticle 10-** cm in diameter. Parallel streams of these 
subparticles intersect space in all directions. Such streams 
penetrate macrocosmic bodies, exerting a differential pressure 
J on their structures. Gravitation force resulting from the 
pressure J.g on such bodies is fy=(Jes8*)(q151-q252)/R? 
= J.7(ari2¢1- xr? g2)/R? dynes. This is identical with Newton's 
formula, but expresses mass M as a product of its mola q (the 
sum of masses of all elementary particles in M) and mass defect 
s. Here s=1—(4)r68+(4)(rd8)*—(4)(rd8)'+---, where r is 
radius 6 is molal density=q/(4)xr*, 8 ~5.31-10-" cm*/g is 
radional absorption coefficient, and J,,8? is gravitation con- 
stant. An analogous formula is derived for microcosmic bodies 
(protons, neutrons, electrons, etc.), impervious to radions. 
Here f,=2J:(+27;?) -(+272*)/R® dynes, R being a distance 
between the bodies, and J; the pressure of the radional field. 
This formula is experimentally accurate when R>(ri+72), 
but diverges from the inverse square law when R grows smaller. 
The f, reverses its sign when R becomes commensurable with 
(ri+re), and changes its sign again when the pair is forced 
still closer to each other. These two changes in sign explain the 
potential barrier and the Majorana-Heisenberg forces. Satura- 
tion and the Levy’s force are explained. 


MonDAY AFTERNOON AT 2:00 


Burgundy Room 


(H. A. SHUGART presiding) 


Spins, II 


D1. Pulse Relaxation Experiments on the Fe** Ion in 
K,[Co,Fe ](CN)..* T. M. Bray, G. C. Brown, AND A. KIEL, 
The Johns Hopkins University.—The pulse saturation decay 
technique was used to investigate the relaxation processes in 
diluted potassium ferricyanide at 8.7 kMc and at liquid 
helium temperatures. In general, two distinct relaxation times 
were observed below 3°K. The more rapid of the two relaxa- 
tions we believe is due to cross-relaxation, the slower is the 
usual spin-lattice relaxation time. In most samples, the spin 
lattice relaxation time was strongly temperature dependent 
above 2.6°K, that is, the Raman processes dominate the direct 
spin-lattice relaxation and at 4.2°K, 7; was comparable with 
the cross-relaxation time Tj: (~50-200 ysec). The concentra- 
tion dependence of the relaxation times was also studied in 
these experiments. The concentration dependence appears to 
be related to the presence of exchange coupling which will be 
briefly discussed. 


* Supported by the Air Research and Development Command of the 
U. S, Air Force. 


D2. Nuclear Resonances in TaC and NbC. Lawrence H. 
BENNETT, National Bureau of Standards.—The nuclear mag- 
netic resonances of Ta!*! in TaC powder and Nb® in NbC 
powder have been measured at room temperature and each 
shows a small (about 0.1%) diamagnetic shift. Since both TaC 
and NDC are metallic conductors at room temperature, and 
NDC is considered a superconductor at helium temperatures, 


these negative “Knight” shifts are unusual. Diamagnetic 
shifts previously observed! in alloys (or intermetallic com- 
pounds) containing transition metals were of the non-transi- 
tion element only. The transition element, vanadium, dis- 
played paramagnetic shifts of the same order of magnitude as 
the Knight shift in metallic vanadium. The resonance results 
on the carbides will be discussed with relation to other physical 
properties of these materials and the problem of sample 
characterization will be considered. 


.. i e. > — B. J. Wyluda, and B. T. Matthias, Phys. Rev. Letters 
2 8 (1958 

2Ww. E. Bhimberg, JE ae V. Jaccarino, and B. T. Matthias, Phys, 
Rev. Letters 5, 149 (1960 


D3. Linewidth Broadening of the F'* Nuclear Resonance 
in MnF, near the Néel Temperature. P. HELLER AND G. B. 
BENEDEK, Harvard University.—Using a system capable of 
temperature stabilization to within one millidegree for long 
periods of time, we have studied the line width of the F" 
resonance in MnF¢: as a function of temperature near the 
Néel temperature Tw (~68°K). In the paramagnetic state the 
line broadens markedly as T'y is approached. At a given tem- 
perature, this broadening depends strongly on the direction of 
the applied field H» with respect to the crystal axes, being 
more marked with H along the c axis than with Hp» along the 
a axis. We take as Ty the temperature at which the line 
broadens to the point of disappearance with Ho along the 
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a axis. This point can be determined to within about 1 milli- 
degree. In the temperature range 0.090°K < T—Tw<4°K, the 
line widths vs temperature can be represented by the empirical 


formula 
6H(T) =(6H)o+k/(T—Ty), 


where k=2.2 gauss °K, (6H)o=24.5 gauss for Hy along the 
a axis and k=6.5 gauss°K, (6H)»)=24 gauss for Ho along the 
c axis. With Ho along a, we have also made observations at 
temperatures as close as 18 millidegrees above Ty. Preliminary 
results indicate that the line shape changes in this region. 


D4. Spin Relaxation of Optically Aligned Rubidium Vapor 
in Helium.* R. A. BERNHEIM, Columbia University.—The spin 
relaxation time of rubidium vapor has been measured at 50°C 
as a function of helium buffer gas pressure. The measurement 
was performed by interrupting the optical pumping radiation 
after the method of Franzen.! The vapor was contained in an 
uncoated 300 cc spherical bulb. The analysis of the data 
yields a value of 0.54+0.02 cm?/sec for the diffusion coefficient 
of rubidium in helium gas, and 6.2+0.216-* cm? for the 
disorientation cross section for a collision between an aligned 
ground state rubidium atom and a helium atom. 


s jg mec by the U. S. Air Force Office of Scientific Research. 
ranzen, Phys. Rev. 115, 850 (1959). 


D5. Ultrasonic Excitation in Nuclear Magnetic Resonance 
in KI. A. H. Sttver, Ford Motor Company.—Changes which 
occur in the NMR absorption spectrum of I'*7 in KI as a 
function of acoustic excitation have been studied. The NMR 
line, observed at »»=5 Mc/sec with a Pound-Watkins type 
detector, is inhomogeneously broadened by strain. Longi- 
tudinal acoustic waves with »4=10 Mc/sec are generated by 
an X-cut quartz transducer and propagated along a [100] 
direction perpendicular to Ho. This distortion of the lattice 
induces Am = -+-2 quadrupolar transitions resulting in satura- 
tion of some of the five Am=+1 magnetic dipole transitions 
and in enhancement of others. Because the six levels are not 
all equally spaced, some of the spin-spin relaxation processes 
are attenuated. The nuclei do not assume a Boltzmann dis- 
tribution in the presence of the acoustic excitation. The change 
in absorption at the center of the line is a function of the satel- 
lite distribution and is observed by varying (v4—2vo). For 
va=2vo, the absorption is reduced to 45% of its equilibrium 
value in the sample studied. The effects of shear waves and of 
mechanical resonance will also be discussed. 


D6. Nuclear Quadrupole Resonance Isotope Effect in Solid 
Nitrogen. T. A. Scott anp P. J. Haicu, University of Florida. 
—Solid nitrogen, which at natural abundance consists of 
99.6% N'™ (I=1), has been observed to exhibit a single pure 
quadrupole resonance due to this nucleus in the a phase below 
35.5°K. The resonance frequency shows a strong temperature 
dependence. When the sample is enriched in N'* (J =}), the 
resonance of the N*™ is split into two distinct lines. For an 
approximately equal isotopic mixture, the splitting is 8.2 ke at 
4.2°K and decreases with increasing temperature. The obser- 
vations have been interpreted in terms of a difference between 
the torsional oscillations of N*-N" and N“—N" molecules. 
The N“—N* molecules should have a larger amplitude of 
oscillation, which according to Bayer theory would result in a 
smaller electric field gradient at the nuclear site and a lower 
quadrupole frequency. 


D7. NMR Study of Dislocation Effects and Elastic Axial 
Compression Effects in NaI Single Crystals.* H. O. Hooper 
AND P. J. Bray, Brown University —The anomalous angular 
distribution! in the intensity of the I"7 NMR spectra of single 
crystals of Nal rotated about [110] and [100] type directions 
perpendicular to the magnetic field has been studied. This 
intensity anomaly due to the changing amount of first-order 
quadrupolar broadening of the line is attributed to oriented 
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dislocations in these previously unstrained crystals. The full 
intensity of the NMR line (i.e., quadrupolar broadening 
approaches zero) is observed when Hp is along a [100] type 
direction. Calculations have been carried out to determine the 
orientation of screw and edge dislocations that would give rise 
to such an anomaly. When Hj is along a [100] type direction, 
the Nal crystals have been axially compressed in an elastic 
manner. As the stress was increased, the peak-to-peak height 
of the derivative curve of the I'*’ line was diminished by as 
much as 15%, while the integrated intensity is unchanged. 
Using this compression data, the value of the Sternheimer 
antishielding parameter for I'?’ in Nal has been estimated 

* Research supported by a Frederick Gardner Cottrell grant from the 


Research Corporation. 
1J. F. Hon and P. J. Bray, J. Appl. Phys. 30, 1425 


1959). 

D8. The Pressure and Temperature Dependence of the 
Co*? NMR Chemical Shifts in Cobaltic Complexes. J. A. ARM- 
STRONG AND G. B. BENEDEK, Harvard University.—Accurate 
measurements have been made of the pressure and tempera- 
ture dependences of the Co® NMR chemical shifts in aqueous 
solutions of K3;Co(CN)., Naz;Co(NOz)s, and Co(NHs3)¢6Cls, and 
in solutions of Co(Cs;H;O2); in three solvents. The pressure 
range was from 1-10 000 kg/cm? and the temperature range 
was 0-100°C. Griffith and Orgel! and Freeman ef al.? have 
shown that in these complexes the chemical shift o is deter- 
mined primarily by the energy splitting (A) between the 
ground state and the first excited state of the same multi- 
plicity. The pressure dependence of ¢ is interpreted in terms 
of the pressure dependence of A. Using theoretically estimated 
values for the compressibilities of the complex ions, the de- 
pendence of A on the cobalt ligand distance (R) has been ob- 
tained. If one wirites A= KR, it is found that »=4.8+1, 
12+2.4, and 6.5+1.3 for the first three complexes, respec- 
tively. The temperature dependence of o can be expected to 
arise out of the thermal expansion of the complex and the 
mean squared modulation of A produced by the normal vibra- 
tions of the ligands. A semiquantitative calculation of both 
these effects has been made, giving results in satisfactory 
agreement with the experiments. 

1J.S. ae and L E, Orgel, Trans. Faraday Soc. 53, 601 (1957). 


2R. Freem G. R. Murray, and R. E. Richards, Proc. Roy. Soc. 
(London) A242, "455 (1987). 


D9. Hyperfine Fields in KMnF; via Exchange Polarization. 


A. J. FREEMAN, Ordnance Materials Research Office AND 
R. E. Watson,* AVCO RAD.—NMR studies in iron series 
fluorides have revealed large hyperfine interactions between 
the fluorine nuclei and the 3d magnetic electrons of the tran- 
sition metal ions. These have been interpreted as arising from 
unpaired spins in the F~ orbitals. This unpairing has been 
thought to arise (1) because of an admixture of covalent bond- 
ing into the purely ionic configuration or (2) by the unpairing 
action of the Pauli principle (Pauli ‘‘distortion’’) which affects 
those fluorine orbitals which have the same spin as the cation 
3d orbitals differently from those orbitals which have opposite 
spin. In either method, the unpaired s electrons produce an 
isotropic hyperfine interaction whereas the 2 electrons pro- 
duce an anisotropic interaction, the degree of unpairing being 
determined by the squares of the overlap integrals (.S) be- 
tween the free F~ orbitals and the 3d electrons on the cation. 
We have done an exchange (or spin) polarized Hartree-Fock 
calculation for the F~ ion in the exchange field arising from 
its paramagnetic Mn*? nearest neighbors (as in KMnFs). Since 
exchange acts differently on the F~ electrons of differing spin, 
different radial functions are obtained for electrons of opposite 
spin. The isotropic hyperfine field arises from the ‘‘paired” 2 
and 1s shells, whereas, the anisotropic field comes from the 
“paired” 2p electrons. Large deviations from the previous 
types of analyses have been found. 


* The work of this author was supported in part by the Ordnance Mate- 
rials Research ice. 
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D10. Paramagnetic Resonance of Ag** in Solution.* JUAN 
A. McMILLAN AND BERNARD SMALLER, Argonne National 
Laboratory.—Solutions of Ag?* produced by oxidation in nitric 
and sulphuric solutions in HO and D.O were observed for 
paramagnetic resonance at 9 kMc/sec. At room temperature, 
a broad line at g=2.133+0.005 was observed. Fozen solutions, 
at 77°K, showed a strong symmetric g-anisotropy that per- 
mitted the resolution of the hyperfine splitting due to inter- 
action with silver nuclei. Measurements made with natural 
silver gave the following results: gi; =2.274+0.001; gi =2.074 
+0.001; contact term a=37 gauss; dipole-dipole interaction 
splitting Bj,=11 gauss; and By = —5.5 gauss. From Polder’s 
relations, the 2D transitions would occur at Ay = —53500 c™ 
and A, =48750 c™. The solutions are brown, which suggests 
an uv absorption tail that could be compatible with these 
results although it seems likely that the electron hole is not 
localized in the paramagnetic ion. Experiments made with 
pure "Ag and ™Ag samples exhibited a hyperfine splitting 
ratio of 1.11+0.07, in agreement with the accepted value 1.150. 


* Based on work performed under the auspices of the U. S. Atomic Energy 
Commission. 


D11. Effect of Illumination on the Paramagnetic Resonance 
of Ni*+ in Rutile. H. J. GERRITSEN AND E. Sasisky, RCA 
Laboratories.—Electron spin resonance was observed in nickel 
doped rutile and ascribed to the lowest doublet of Ni**, al- 
though Ni* cannot be completely ruled out. There are four 
ions in the unit cell, in contrast to many other ions studied in 
rutile. These ions are magnetically identical along the c axis 
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with g value of 2.085. In the plane perpendicular to the c axis, 
the axes of the four g tensors make angles of +35° with the 
crystal a axes, having values of 2.084 and 2.254. This center is 
observed at room temperature and below, and ascribed to Ni** 
at a Ti** site with one of the neighboring oxygen ions as O~. 
If one illuminates the sample, a broad additional spectrum 
appears at room temperature. It narrows below 200°K, and 
its intensity can be made comparable to the above mentioned 
spectrum. The symmetry is, however, that of a Ti** site with 
the customary two nonequivalent ions in the unit cell. It is 
ascribed to the recapturing of an electron by the O-. Illumina- 
tion at helium temperature shows two more rather intense 
nickel spectra which can be ascribed speculatively to other 
neighboring oxygens losing electrons. 


D12. A New Method of Measurement of Dielectric Con- 
stant and Loss Tangent at Microwave Range.* AKIRA OKAYA 
AND LEE F. Barasu, Columbia University —A piece of di- 
electric material acts as a microwave resonator due to large 
reflection at the surface, if ¢ is 10 or more and the loss tangent 
is 0.01 or less. TiO, (Rutile) and some other crystals have 
shown good resonance characteristics in centimeter- and 
millimeter-wave-range. The detailed interpretation of dielec- 
tric resonator characteristics will be discussed. The tempera- 
ture, frequency dependence of ¢ and tané, and the accurate 
measurement of an anisotropic ¢ will be presented. 


* Work supported jointly by the U. S. Army Signal Corps, the Office of 
Naval Research, and the U. S. Air Force Office of Scientific Research. 


Invited Paper 
D13. Distribution of Charge and Magnetization in Nuclei As Seen by Extra-Nuclear Electrons. 


Henry H. Stroke, M.I.T. 


Monpay AFTERNOON AT 2:00 


Continental Room 


(H. E. Gove presiding) 


Nuclear Reactions, II 


DAI. Scattering of Alpha Particles by Carbon. A. J. FErR- 
GuUSON AND G. J. McCatium, Chalk River Laboratories.— 
Elastic and inelastic scattering of alpha particles by carbon in 
the energy range 6.5 Mev to 11.0 Mev has been studied using 
the Chalk River tandem accelerator. Both solid and gaseous 
targets have been used. The detectors were silicon p-n junc- 
‘ tions having an energy resolution less than 1%. Resonances 
are observed at 7.05 Mev, 7.92 Mev, 8.15 Mev, 8.98 Mev, 
10.22 Mev, and 11.0 Mev, the probable error of all energies 
being 30 kev. Below 7.5 Mev, the results are consistent with 
those of Bittner and Moffat.! Inelastic alpha particles feeding 
the 4.43 Mev state of C! are observed and show all the above 
resonances excepting the 7.05 Mev one. The 7.92 Mev and 
8.15 Mev resonances have the tentative assignments 0+ and 
3—, respectively. 


1 J. W. Bittner and R. D. Moffat, Phys. Rev. 96, 374 (1954). 


DA2. (a,n) Thresholds on C!, Si*, S**, and S*4.* J. W. 
NeEtson, E. B. Carter, G. E. MITCHELL, R. H. Davis, 
Florida State University.—Using alpha particle beams of one 
to six millimicroamperes from the Florida State University 
Tandem Van de Graaff accelerator, the following ground state 
neutron thresholds have been observed: C™ 11.484+0.045, 
Si?* 10.00+0.12, S** 9.98+0.07, S* 5.37+0.15 Mev. Energies 
of alpha particles were determined by magnetic analysis as- 


suming the Al(p,m) threshold to be 5.800 Mev. Thick targets 
were used for all determinations. Annihilation gamma rays 
from positron decay of the product nuclei were measured in 
the C!, Si**, and S*® experiments while a BF; proportional 
counter was used to detect neutrons from S* targets. Indica- 
tions for excited state thresholds have been observed in Si, 
S®, and S*. Analysis of these data in terms of known residual 
nucleus states will be presented. 


* Supported in part by the U. S, Air Force Office of Scientific Research. 


DA3. C!*( p,p’¥ 12.8 15.1)C'* Excitation Functions between 15 
and 20 Mev.* E. K. WARBURTON AND H. L. BERK, Princeton 
University.—The 90° excitation functions for the C!*( p,p’y)C!* 
reaction proceeding through the 12.8- and 15.1-Mev levels 
were measured for incident proton energies between about 15 
and 20 Mev. The ground state gamma rays from these states 
were produced in a 3.4 mg/cm? polystyrene target and detected 
at 90° by a 5-in. X4-in. Nal(T1) crystal. The excitation curve 
for the 12.8-Mev gamma ray increases rather smoothly with 
energy in this range, while that for the 15.1-Mev gamma ray 
has an apparent threshold at 16.9 Mev and resonances at 
17.5, 18.1, and 19.3 Mev. The absolute energy scale is un- 
certain to 100-200 kev. The center-of-mass widths of these 
resonances are about 270, £200, and 250 kev, respectively. 
These resonances correspond to N® states at 18.1, 18.7, and 
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19.8 Mev excitation. It is suggested that the 17.5-Mev reso- 
nance is responsible for the anomalous behavior! of the 
C!2(p,p)C® reaction in this energy region. The C(p,y)N™ 90° 
cross section was measured at a few proton energies. 


* This work was supported by the U. S. Atomic Energy Commission and 


The Higgins Scientific Trust — 
W, Baek hnick, M. Garrell, R. Wood, and R, Sherr, Bull. Am. Phys. Soc. 
6, 25. (1961) 


DA4. (d,p) Polarization Measurements of Excited-State 
Reactions in C!*, Mg*, and Ca®.* W. P. JoHNSONT AND 
D. W. MILLER, Indiana University — A proton polarimeter 
has been built for use in conjunction with a heavy-particle 
magnetic spectrometer which allows measurements to be made 
of the polarizations of proton groups corresponding to nearby 
nuclear states. The following (d,p) polarizations were measured 
at a deuteron energy of 10.8 Mev and a laboratory scattering 
angle of 12.5°, listed according to the residual nuclear state 
and using the Basel convention for the quantization axis 
(n=kaXk,). C® ground state: —0.32+0.5; C® 3.09-Mev 
state: +0.03+0.04; Mg* 3.40-Mev state: —0.05+0.05; Ca 
1.95-Mev state: +0.014+0.043; Ca*! 3.95-Mev state: —0.21 
+0.05. The Mg result agrees within experimental errors with 
the polarization magnitude predicted by Martin et al.! from 
(d,py) angular correlation measurements. If the two Ca states 
investigated are single-particle p-neutron states with 7 = $ and 
4, respectively, the ratio of the corresponding proton polariza- 
tions should be —0.5.? The experimental ratio, which is subject 
to large error because of the near zero result for the 1.95-Mev 
state, is —0.07+0.20. 

* Supported by the joint program of the Office of Naval Research and 
the U. S. Atomic Energy Commission. 


t a at the “4 of Colorado. 
1J. P. Martin, K. S. Quisenberry, and C. A. Low, Phys. Rev. 120, 492 


1960). 
?R. Huby, M. Y. Rafai, and G. R. Satchler, Nuclear Phys. 9, 94 (1958). 


DAS. Excitation Curves and Angular Distributions for the 
Reaction C!*(He*,n)O'4.* Guias Up Din, Hstn-Min Kuan, 
AND T. W. Bonner, Rice University.—Excitation curves at 
0° and 90° and the total yield from the reaction C*(He?,n)O™“ 
have been measured for He* bombarding energies of from 1.8 
to 5.1 Mev. The excitation curve at 0° shows three separate 
peaks at 2.33, 2.87, and 4.70 Mev. At 90° there is a broad peak 
centered at 2.5 Mev as well as a less pronounced peak at 4.7 
Mev. The total yield of O", obtained by measuring the beta 
particles from O" and the 2.31 Mev y rays, is similar to the 
neutron yield at 90°. The neutrons have an angular distribu- 
tion which is spherically symmetric at 1.87 Mev. At energies 
of 2.33 and 2.87 Mev the distribution peaks in the backward 
direction; at energies of 4.02 to 5.08 Mev there is a forward 
peaking which becomes more pronounced at the higher 
energies. Angular distributions at 4.63, 4.80, and 5.08 Mev are 
similar to those obtained by others at higher energies, except 
for the fact that the ratio of forward to backward intensities is 
smaller. The angular distributions can be explained in terms 
of double stripping at the higher energies, but it is not certain 
whether the pronounced resonance structure at 2.5 Mev is due 
to a wide state of the compound nucleus or to a resonance in 
the stripping process. 


* Supported by the U. S. Atomic Energy Commission, 


DAO. A Calculation of the C'*(He’,n)O'4 Cross Section at 
Low Energies.* W. R. Gipss, Rice University, anp W. Tosoc- 
MAN,t Case Institute of Technology.—Calculations have been 
carried out using the distorted wave Born approximation to 
compute the differential and total cross sections for the 
C"*(He*,2)O™ reaction. The assumption that the di-proton is 
captured as a single particle is made. The results show a 
qualitative similarity to the experimental results.! The most 
striking feature of the total cross section calculation is that 
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anomalies resembling broad resonances as a function of energy 
are found. 


* Supported in part by the National Science Foundation 
t Now on leave of absence from Rice University. 
1G, U. Din, H. Kuan, and T. W. Bonner (preceding abstract). 


DA7. The (y,n) Cross Section of C'.* S. Kowatski, 
W. BERTOozz1, P. T. Demos, C. P. SARGENT, AND W. TurRcuI- 
NETZ, M.I.T.—The time of flight technique has been used to 
measure the (7,) cross section of C™ at photon energies from 
6-18 Mev. This technique has been previously employed in 
the determination of the Be®(y,”) cross section.'~* The cross 
section of y absorption exhibits resonances at about 7.7, 8.9 
Mev and higher energies. Data will be presented for the (y,7) 
cross section including angular distributions of the emitted 
photoneutrons. 


* This work is supported in part by the | 
the Office of Naval Research, and the U. S. 
Research. 

IF. R. Paolini, Ph.D. Thesis, M.I.T., 1960 

? Karlsruhe Photonuclear Conference, 1960. 

3 Proceedings of the International Conference on Nuclear Structure, 
Kingston, Canada(University of Toronto Press, 1960), pp. 710, 928. 


DA8. The C"(He’,n)O' Reaction.* R. G. JoHNson, L. F. 
CHASE, JR., AND F. J. VAUGHN, Lockheed Missiles and Space 
Division Research Laboratory.—The C(He?,n)O" reaction has 
been investigated by observing the neutrons with time-of-flight 
techniques. Carbon targets enriched to 58 percent C were 
used and were prepared by cracking methyl iodide onto hot 
tantalum backings. Neutron groups were observed correspond- 
ing to O"* being left in the ground state, the 5.20 and 5.25-Mev 
states which were unresolved, the 6.15-Mev state, and the 
6.79- and 6.86-Mev states which were unresolved. The excita- 
tion function for the ground-state group was measured at 10° 
relative to the incident beam direction for He*® energies from 
2.3 to 3.2 Mev. The yield increases monotonically in this 
region. Angular distributions for the ground-state group were 
measured from 0° to 155° at 2.60, 2.85, and 3.10 Mev. The 
distributions, which were peaked near 0° and exhibited a 
secondary maximum near 100°, suggest that the reaction 
proceeds by a direct-reaction mechanism. A comparison of the 
data with the double stripping theory of Newns! will be 
presented. 


ue pesent jotatiy by the Lockheed General Rese: 
tomic Energy Commission. 
H. C. Newns, to be published, 


DA9. Elastic Scattering and Capture of Protons by C'*.* 
Jerry D. HENDERSON, The University of Texas.—The elastic 
scattering of protons by C™ has been studied at four angles in 
the proton bombarding energy region of 0.6 to 2.7 Mev. The 
targets used were thin, self-supporting carbon foils enriched 
in C*, and a solid state junction detector allowed separation 
of the C and C* scattering groups through a large part of 
the energy range. Scattering anomalies corresponding to 
known levels in N' were observed at 1.16, 1.31, 1.50, and 
2.08 Mev. In addition, a large anomaly was present at 2.5 Mev. 
This level was observed in the C(p,7)N" reaction, but has 
not been reported in studies of other competing reactions, 
indicating that it decays only by proton and y-ray emission. 
Preliminary analysis of the data indicates a D-state assign- 
ment. It appears that this state may be the isobaric analog 
of the first excited state of C"', i.e., 7 =%. A phase-shift analysis 
of the data is being undertaken. The yield of ground state 
y-rays from proton capture by C™ has been studied from 1.1 to 
3.2 Mev, and will be discussed in relation to the scattering 
data. 

* Assisted by the U. 


DAI10. The C'*(d,n)N'* Reaction.* W. L. Imnor, H. A. 
GRENCH, AND R. G. Jonnson, Lockheed Missiles and Space 
Division.—The C'*(d,n)N*® reaction has been studied by ob- 
serving the neutrons with time-of-flight techniques. Peaks are 
observed in the time-of-flight spectra corresponding to neutron 


J. S. Atomic Energy Commission, 
Air Force Office of Scientific 


unpublished), 


ch Program and the 


S. Atomic Energy Commission 
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groups which leave N' in the ground state, the 5.28- and 
5.31-Mev states which are unresolved, the 6.33-Mev state, and 
partially resolved higher states. Using a 0.27 mg/cm? target 
enriched in C to 28%, the excitation function for the ground 
state group has been measured at 30° for deuteron energies 
from 0.93 to 3.20 Mev. Broad peaks are observed in the yield 
curve at 1.3, 2.1, and 2.75 Mev. Angular distributions for the 
ground state group have been obtained from 0° to 150° at 
1.31, 1.62, 2.10, 2.33, 2.75, and 3.08 Mev. The distributions 
are distinctly different at each energy, although at the four 
lowest energies pronounced peaking in the backward direction 
is observed. With better energy resolution, angular distribu- 
tions were also measured for the other neutron groups at 
bombarding energies of 2.10 and 2.33 Mev. 


* Supported jointly by the Lockheed General Research Program and the 
U. S. Atomic Energy Commission, 


DAI11. Angular Distributions of (n,d) Pickup Reactions in 
N'4, P®!, and S*? at 14 Mev.* M. R. Zatzick anv D. R. Max- 
son, Brown University.—Absolute differential cross sections 
for the N"4(n,d) reactions leading to the ground state and the 
3.68 Mev level in C™ were measured at ten forward angles and 
three backward angles. P"(n,d)Si® and S*(n,d)P® reaction 
leading to the ground states of the final nuclei were observed 
in 5 degree steps of laboratory angle. Deuteron energy spectra 
were recorded on a 20-channel analyzer, and discrimination 
against particles of different Z/M was accomplished by gating 
the analyzer with averaged dE/dx pulses from the two propor- 
tional counters. Natural elements were used for all of the 
targets. The experimental angular distrbutions will be com- 
pared with Butler pickup curves, and reduced widths will be 
extracted from the data. 

* Supported in part by U. S. Atomic Energy Commission. 


DA12. N'4(tn)O'**( p)N"*, a Two-Stage Nuclear Reaction.t 
NELSON JARMIE, M. G. SILBERT, AND DarRRyt B. SMITH, 
Los Alamos Scientific Laboratory—A remarkably clear 
example of a two-state nuclear reaction has been observed. 
During an investigation of the proton energy spectra (at a lab 
angle of 30° and with 2.6-Mev tritons)! from the N'4(t,p)N** 
reaction, several anomalous, broad, steep-sided “‘Iumps’’ were 
observed. These lumps have been identifieé as protons from 
the two-stage process: N"(t,7)O'8*, O'8*(p)N45. The identifica- 
tion was aided by noting that the energy width and position 
was predicted exactly by the two-stage assumption if the re- 
action went by way of the excited O"* in its sharp states at 
16.22 and 14.94 Mev. In addition, the lumps moved in energy 
as expected when the triton energy was changed, and did not 
move like the proton peaks in the reaction producing N!*. The 
width of the lump arises primarily from the fact that the O'** 
nucleus comes from the first reaction with a distribution of 
recoil energies and directions. A comparison of the two-stage 
process with other possible channels will be made. It is in- 
teresting to consider the possibility that these two-stage 
groups have been mistaken for broad peaks in the spectra 
of a one-stage reaction in an experiment with relatively poor 
resolution. 


+t Work performed under the auspices of the U. S, Atomic Energy 


Commission. 
1 For experimental details, see N. Jarmie and M. G. Silbert, Phys. Rev. 


120, 914 (1960). 
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DA13. Neutron Capture y-Ray Angular Correlation Meas- 
urements. G. A. BARTHOLOMEW AND J. F. VERVIER, Chalk 
River Laboratories.—Angular correlation apparatus described 
previously! has been used to determine level spin information. 
In N*, the 4.50-6.33 Mev correlation shows that J >} for the 
6.33 Mev level. In Fe*’, the 7.28-0.350 and 7.29-0.228 Mev 
correlations show J =} for the 0.364 Mev level. In Cu, the 
7.63—0.277 and 7.29-0.607 Mev corerelations show J=1 or 2 
for both the 0.277 and 0.607 Mev levels. In Zr*, the 6.30-1.42, 
6.30-0.929, and 1.42-0.929 Mev correlations, with the assump- 
tion that the 6.30 Mev y-ray is £1, show the capturing level 
has J =2 and the 2.34 Mev level, J=3. In Hg™, the 6.44-1.59 
Mev correlation shows the capturing state and 1.59 Mev level 
have J=0 and 1, respectively. 


1G. Manning and G. A, Bartholomew, Phys. Rev. 115, 401 (1959). 


DAI4. Elastic Scattering of Neutrons by Oxygen.* A. 
SayReEs, Columbia University.—Differential cross sections for 
the elastic scattering of neutrons by oxygen will be presented 
for neutrons between 3 and 4 Mev. A proportional counter 
filled alternately with CO, and hydrocarbons was bombarded 
by neutrons produced by the T(p,m)He* reaction. Recoil 
spectra were recorded on a 256-channel analyzer. Differences 
of the observed recoil spectra yielded the oxygen recoil spectra 
whose shapes are proportional to the differential cross section 
versus cos@cy. The absolute cross sections were obtained by 
normalizing to know total cross sections. By using the scatterer 
as the detector, multiple scattering corrections are negligible. 
The spectra were corrected for analyzer dead time and the 
finite resolution of the detector. Some implications of these 
measurements will be discussed. 


* This work partially supported by the U. S. Atomic Energy Commission, 


DAIS. O'*(n,p)N** Reaction Cross Section. K. W. SEEMANN 
AND W. E. Moore, Knolls Atomic Power Laboraiory.*—The 
cross section for the reaction O'*(m,p)N1* has been measured 
in the neutron energy range 12.5<E,<16.5 Mev. Neutrons 
were produced by the T(d,n)He* reaction, using 1 Mev deu- 
terons from a Cockcroft-Walton accelerator. A triple coin- 
cidence proton recoil neutron spectrometer was used to meas- 
ure the absolute neutron yield from the tritium as a function 
of angle. An oxygen-bearing liquid scintillator was bombarded 
in an annular ring concentric with the accelerator tube. After 
bombardment, the scintillant was transferred remotely and 
automatically to a shielded photomultiplier assembly where 
the beta decay of the 7.35 sec N'* was observed. The relative 
intensity profile of the d-t neutrons as seen by a separate 
monitor, and the N!* activity, were displayed in sequence on 
a 256 channel analyzer operating as a multichannel time 
analyzer. Thus fluctuations in neutron intensity during a single 
run can be included in the data analysis. Preliminary analysis 
yields a cross section of 34-46 mb at 14.4 Mev. Data at other 
energies will be presented. 

* Operated by the General Electric Company for the U. S. Atomic Energy 

ommission, 


1 Built and operated by the General Engineering Laboratory, General 
Electric Company, Schenectady, New York. 


MonpDAY AFTERNOON AT 2:00 
Cotillion Room, South 
(D. E. ALBURGER presiding) 


Radioactive Nuclei, II 


El. Decay of Te'*.* B. A. BisHara, M. K. RAMASWAMY, 
W. L. SKEEL, AND P. S, JASTRAM, The Ohio State University.— 
Natural antimony was bombarded with 6-Mev protons from 


the Ohio State University Cyclotron. In addition the Sb K 
x ray, gamma rays of 70, 164, 215, 506, 576, and 1120 kev 
were observed in a Nal scintillation spectrometer. The 70-, 
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506-, and 576-kev gamma rays are attributed to the Te!*! 
ground-state decay; the 215- and 1120-kev gamma rays to the 
decay of the metastable state of Te!!; and the 164-kev gamma 
ray to Te”. Gamma-gamma coincidences have been ob- 
served in the decay of Te!” A decay scheme for Sb'*! will be 
presented including a measurement of the lifetimes of the 
accessible excited states. 


* Supported by the U. S. Atomic Energy Commission. 

E2. Beta-Gamma Angular Correlation in the Decay of 
Sb!*4.* R. G. WiLkrnson, K. S. R. Sastry, AND R. F. Perry, 
Indiana University —The directional correlation between the 
first forbidden nonunique outer beta-ray group of Sb™ and the 
603-kev cascade gamma ray in Te! has been measured at 
eleven beta-ray energies with an accuracy of about 2% 
Measurements were made with a small shaped magnetic field 
beta-gamma coincidence spectrometer having 5% trans- 
mission, 5% energy resolution, and a coincidence resolving 
time of 40 mysec. The correlation coefficient is negative and 
ranges from —0.21 to —0.38 in the energy interval 3.2 to 5.1 
(mc? units). It will be shown that the results can be analyzed 
quite satisfactorily with the “modified B;; approximation”’ of 
the theory of Kotani and Ross,! as it applies to a 3(8)2(7)0 
first forbidden transition. 

* Supported by the joint program of the Office of Naval Research and 


the U. S. Atomic Energy Commission. 
1T,. Kotani and M. Ross, Progr. Theoret. Phys. (Kyoto) 20, 643 (1958). 


E3. Beta-Gamma Angular Correlation in the Decay of 
Sb!*4.* He_mut J. FiscHBECK AND MARCELLUS L. WIEDEN- 
BECK, University of Michigan.—The directional correlation 
between the first forbidden nonunique 2.31-Mev 8 transition 
and the successive 0.603-Mev y ray in Sb has been measured 
at eight B-ray energies. A thin lens spectrometer with a 
momentum resolution of 7% was used for the analysis of the 
B-ray energy. The measured angular correlation coefficient, ¢, 
ranges from —(0.28+0.03) to —(0.404+0.008) in the energy 
interval 1.24 to 2.09 Mev, and is in agreement with an earlier 
measurement by Steffen.! It will be shown that an analysis of 
the data in the ‘modified B;; approximation” ( Y #0, x =u =0) 
using Kotani’s? notation for a 3(8)2(7)0 transition is consistent 
with the experiment and yields two possible values for the 
matrix element ratio Y( Y=0.40+0.05 and Y=1.04+0.09). 
This result may be compared with a slope factor measurement 
by Langer and Smith* which gives Y=1.1+0.2 if the modified 
B;; approximation is assumed to hold. 


>| bie a ck euppo ed by the U. S. Atomic ouw < ee 


M. Ste Phys. Rev. Letters 4, 290 (1960 
: r Kotani, Phys. Rev. 114, 795 (1959). 
4L. M. Langer and D. R. Smith, Bull. Am. Phys. Soc. 5, 245 (1960). 


E4. Levels in Pm'”. G. T. Ewan, R. L. GRAHAM, AND 
J. S. GeiGer, Chalk River Laboratories—The conversion elec- 
tron spectrum of Nd"? is being studied at momentum resolu- 
tions of 0.03 —0.1% using the Chalk River iron-free rv2 B-ray 
spectrometer. Conversion lines have been observed corre- 
sponding to transitions in Pm"? with energies (kev): 91.06 
+0.04 (99.2% M1+0.8% E2), 120.4740.05 (98% M1+~2% 
E2), 196.64+0.07 (M1, <10% E2; or El), 275.36+0.08 
(M1, <30% E2), 319.3940.08 (~80% Mi+~20% E2), 
439.82+0.1 and 530.95+0.1 (M1, <50% E2). The multi- 
polarity assignments are derived by comparing the experi- 
mental Zy:Ly:Zim conversion line intensity ratios with the 
theoretical values of Sliv. Additional weak y rays of energies 
400+15 kev, 600+15 kev, and 690+15 kev are observed in 
the Nal scintillation spectrum. Gamma-gamma coincidence 
measurements and energy sums establish levels in Pm™ at 0, 
7/2+; 91.06 (5/2+) ; 410.45 (3/2+) ; 489.17, 530.93, (5/2+) 
and 685.81, (5/2 or 3/2+) kev. No evidence is observed for 
the existence of a level at 182 kev recently proposed by Wendt 
and Kleinheinz.'! The spin assignments are partly based on 
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a combination of the above multipolarity assignments and the 
gamma-gamma angular correlation results of Bodenstedt et al.” 
However, their measurements are not fully consistent with the 
present spin choices and multipolarity assignments. 


1H. Wendt and P. Kleinheinz, Nuclear Phys. 20, 169 (1960). 


2 E. Bodenstedt e# al., Z. Physik 160, 33 (1960). 


ES. Electron Capture Decay of Tb'*.* H. R. Lewis, JR., 
R. A. NAUMANN, AND J. L. Power, Princeton University.—A 
terbium sample has been prepared with initial isotopic com- 
position: 157 =41%, 158=18% 159=41%, 160=0.05%. The 
gamma radiations accompanying the decay of this sample 
have been studied by scintillation spectrometry and the con- 
version electrons have been examined using a permanent 
magnet electron spectrograph. In addition to the well-known 
radiations accompanying the decay of terbium 160, conversion 
electrons, attributed to a 182.7-kev transition and a 79.7-key 
transition, have been observed and assigned to the gamma 
cascade de-excitation of the lowest 4+ excited state in gado- 
linium 158 following electron capture decay of terbium 158. 
The scintillation spectra revealed 970-kev radiation to be also 
associated with the decay of terbium 158. The strong popula- 
tion of a 4+ state in gadolinium 158 is consistent with the 
assignment 3— for the nuclear spin and parity of long-lived 
terbium 158, analogous to the measured! spin and inferred 
parity found for terbium 160. On the assumption that the 
2+-—-0+ transitions following the decay of terbium 158 and 
terbium 160 are equally probable, a half-life of 1200+400 yr 
is deduced for terbium 158. No evidence has been obtained 
as yet for radiations accompanying the decay of terbium 157. 


S. Atomic Energy Commission. 


* Supported in part by the U. 
f M. Rubinstein, Bull. Am. Phys 


1 A, Cabezas, I. Lindgren, R. Narrus, and 
Soc. 5, 504 (1960). 


E6. Radioactive Decay of Yb'**, Tm'®, and Er'®§,* G. G. 
STAEHLE, R. G. WILson, AND M. L. Poor, The Ohio State 
University.—The radioactive chain initiated by the decay of 
Yb! has been studied by the method of gamma-ray spectrom- 
etry. Enriched Er'® was irradiated with helium nuclei to 
produce Yb'®, The half-life of this previously unreported 
activity is 9 min. The observed radiations were the thulium 
K xray; annihilation radiation, gamma rays of 80.2, 945, 
1090, 1275, and 1440 kev; and composite gamma radiation 
from 635 to 755 kev and 780 to 845 kev. Gamma rays of 210 
and possibly 95 kev are in coincidence with the 1090-kev 
gamma ray. The daughter activity, Tm’, was studied by 
means of gamma-gamma coincidence measurements. From 
the coincidence data, relative gamma-ray intensities, and from 
previously reported conversion electron data, a level scheme 
for Er'** has been constructed. The level scheme shows 63 
transitions and 20 levels. Transition probabilities and electron 
branching ratios are calculated. Er'®* was produced by neutron 
irradiation of enriched Er'™. The only radiation observed was 
a 10-hr K x ray which is in agreement with previously reported 
information. 


* Supported in part by the Office of Naval Research. 


E7. Levels of Os'®*.* L. B. WARNER AND R. K. SHELINE, 
Florida State University.—Forty-one hour Ir" has been pro- 
duced by Re!*®?(a,3) Ir*** and studied in the Gerholm electron- 
electron coincidence spectrometer and a conventional gamma- 
gamma spectrometer, both with fast-slow electronics. Seven- 
teen hour Re'®* and 21 min Re'®*"™ were produced by 
Re!®7(n,7)Re'®* and examined with fast-slow gamma-gamma 
coincidence equipment.! The weak positron spectrum of Ir! 
has been analyzed and found to consist of branches with end 
points at (1656410) kev and (1211445) kev, yielding 
Qs* =(1811+410) kev. Coincidence relations and conversion 
electron energies,? while confirming the main features of 
previously proposed decay schemes, suggest additional or 
adjusted states at 2225, 2106, 1846, 1732, and 1461 kev, which 





SESSIONS E AND 


are all populated in the decay of Ir'**. A discussion of the level 
scheme of Os!** and the decays feeding it will be given in terms 
of the Collective Model. 


* Work supported in part by the U. S. Atomic Energy Commission and 
the U. S. Army Office of Ordnance Research. 

1 Work performed at, and with the cooperation of, the Chemistry Division 
of the Oak Ridge National Laboratory. 

2 Based in part on unpublished high-resolution conversion electron spectra 
kindly supplied by R. A. Naumann and similar spectra obtained in coopera- 
tion with O. B. Nielsen. 


E8. Excited States in Xe!*.* R. E. Sunn, R. G. ArRwns, 
L. I. Yin, AND Marcetius L. WIEDENBECK, The University 
of Michigan.—Gamma transitions in Xe!* following the decay 
of the 25-min I'*8 have been studied using coincidence tech- 
niques. Directional correlation measurements for the 567-kev 
—439-kev cascade were taken at six angles in each quadrant 
(every 15° from 90° to 165°), and the corrected expansion 
coefficients were found to be A2= —0.180+0.028 and Ay= 
+0.269+0.047. Conversion electrons corresponding to these 
gamma transitions have been observed in a magnetic spectrom- 
eter. These measurements confirmed the existence of excited 
states at 439 kev (2+) and 1006 kev (2+). The spectrograph 
measurements show tentative evidence for a 0+ excited state 
at 1016 kev which is de-excited by weak transitions to the 
first excited state and to the ground state. 


* Supported in part by the U. S. Atomic Energy Commission and the 
Michigan Memorial-Phoenix Project. 


E9. Rotational and Vibrational Levels in U**. S. By@RNn- 
HOLM,* A. B. KNuUTSEN, AND O. B. NIELSEN, Institute of 
Theoretical Physics, Copenhagen (introduced by J. O. Ras- 
mussen).—The 8 decay of 1.3 d Pa** has been investigated 
with a six-gap 8 spectrometer, scintillation spectrometers, and 
coincidence techniques. Energies, intensities, and multipole 
orders of 21 transitions have been established. Three are 
electric monopole transitions. The decay scheme comprises 12 
levels. Multipole assignments and branching ratios allow 
accurate determinations of spins, parities, and, in most cases, 
K-quantum numbers. The levels group into rotational bands 
built on intrinsic excitations of vibrational character. Excited 
states with (K,J,r) =(0.1—) at 564 kev, (0.0+-) at, 693 kev, 
and (2.2+) at 868 kev are interpreted as the (K =0) octupole, 
the 8, and the y vibrations, respectively. In addition, there are 
two negative parity states at 1018 and 1052 kev. It has been 
found that the 6-vibrational levels are populated by (£2) 
y transitions from the y-vibrational band. 


* Presently on leave at Lawrence Radiation Laboratory, 
California. 


Berkeley, 


E10. Gamma Rays From the Decay of Pu*® and Pu*.* 
E. L. Murrit Ann J. E. Cine, Phillips Petroleum Company.— 
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Studies have been made of the gamma radiation emitted 
following the alpha decay of the nuclides Pu®® and Pu®. 
Samples of 99.83% and 95.70% Pu*® and Pu®™, respectively, 
were obtained from ORNL. Prior to the experiments, a chemi- 
cal repurification of the samples was performed to remove 
contaminant activities from the Pu decay products (in 
particular Am"). Considerable care was taken in the isotopic 
identification of the gamma rays. Gamma rays from the decay 
of Pu®® and their absolute intensities (in terms of %/alpha 
decay) are given as: 0.057 (1.6X10-*%), 0.105 (1.410%), 
0.130 (5.410%), 0.150 (7.7 10-*%), 0.170 (2.410%), 
0.207 (6.8X10-*%), 0.235 (1.410%), 0.263 (1.510%), 
0.316 (1.9X10*%), 0.340 (1.1 10-*%), 0.380 (2.510%), 
0.418 (1.6X10-°%), and 0.450 Mev (3.2X10-*%). Gamma 
rays from Pu® and their absolute intensities are given as 
0.0448 (3.610%), 0.060 (2 10-°%), 0.1025 (9.1 10-*%), 
0.155 (5.1 10-*%), 0.203 (4.8X 10%), 0.263 (2.510%), 
and 0.317 Mev (3.6X10-*%). Tentative level schemes for the 
nuclei U** and U%*, based on coincidence studies, will be 
discussed. 

* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 

+U. S. Atomic Energy Commission Radiological Physics Fellow at 


Vanderbilt University; presently at Consumers’ Power Company, Jackson, 
Michigan (introduced by J. E. Cline). 


E11. Identification of an Isomeric Pair in Am**‘.* SUSANNE 
E. VANDENBOSCH, PauL Day, AND DALE J. HENDERSON, 
Argonne National Laboratory.—A new 11-hr beta emitter 
produced in neutron irradiations of enriched (99.9%) Am** 
was chemically identified as an isctope of americium and is 
assigned to an isomer of Am™4, The decay scheme was studied 
using a beta spectrometer in addition to gamma-gamma and 
gamma-beta coincidence scintillation counting techniques. 
These measurements establish levels in Cm™ at 0(0,0+), 
43 (0,2+), 142 (044+), 296 (0,6+), 503 (0,8+), and 1042 
(6+) kev. All levels except the 1042-kev level are rotational 
levels commonly found in even-even actinide isotopes. The 
1042-kev level decays by highly retarded E2 transitions which 
suggests that it is a (6,6+) intrinsic level. The only beta 
group observed has an end point energy of 383 kev and 
populates the 1042-kev level. The 26-min isomer of Am 
decays by beta emission principally to the ground state of 
Cm™, Theory predicts two spin states for Am™, 6— and 1—, 
obtained by couplings of a 7/2+ [624]{ neutron and a 5/2— 
[523]) proton. Spin assignments of 6— to the 11-hr ground 
state Am™‘ isomer and 1 — to the 26-min isomer are consistent 
with the data, although other assignments are possible. 


_* Based on work performed under the auspices of the U. S. Atomic 
Energy Commission, 


MonpbAY AFTERNOON AT 2:15 


National Bureau of Standards, East Building 


(M. N. ROSENBLUTH presiding) 


Symposium of the Division of Plasma Physics 


EA1. Exact Statistical Mechanics of a One-Dimensional Plasma Model. A. LENARD, Princeton 


University. (30 min.) 


EA2. Production and Confinement of Hot Plasma in a Multistage Mirror Machine. F. CoENSGEN, 
Lawrence Radiation Laboratory, Livermore. (30 min.) 
EA3. Present Understanding of Plasma Confinement in Mirror Machines. R. F. Post, Lawrence 


Radiation Laboratory, Livermore. (30 min.) 


EA4. Transconductance Properties of Plasma. J. A. DRUMMOND, Boeing Scientific Laboratories. 


(30 min.) 
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Monpay AFTERNOON AT]2:00 


Sheraton Hall 
(W. C. PARKINSON presiding) 


General Nuclear Physics, Mostly Apparatus 


Fl. Influence of Pressure on the Mean Lifetime of Posi- 
trons in Liquids.* Ropert Stump, University of Kansas.—The 
mean life of positrons forming positronium has been measured 
in a number of liquids as a function of pressure and tempera- 
ture, Liquids used include water, isopropyl alcohol, benzene, 
and glycerine. Pressures ranged from 1-6000 atm, tempera- 
tures from 0° to 300°C. The results may be summarized as 
follows: the number of positrons in the long lived-component 
(o-positronium) is essentially independent of pressure, whereas 
the lifetime decreases linearly with the volume of the liquid. 


* Supported by the U. S. Air Force Office of Scientific Research. 


F2. Stopping Power of Gases for Charge-Invariant Atomic 
Projectiles. S. K. ALLison, J. CuEvas, AND M. GARCtA- 
Munoz, University of Chicago.—In 1949, Warshaw,' following 
a conversation with Fermi, pointed out that the observed 
stopping power, ¢, for protons of velocities ~(c/137), should 
be considered a mixture of ¢ for protons (¢,) and for hydrogen 
atoms (¢€:) because of the charge exchange phenomena. By 
following Fermi’s suggestions, Warshaw estimated ¢)=0.46 «, 
for H® and He® atoms of these velocities in Hz. In our work, 
a beam of singly charged ions is brought to charge equilibrium 
in converter cell No. 1. The ionic and atomic beam then enters 
a 54-cm absorption tube with apertures of 0.1 cm, placed in a 
transverse magnetic field of ~3000 gauss. Only those entering 
neutral particles which remain neutral through it, can emerge. 
Some of these become ions again in converter cell No. 2 and 
their energy is accurately measured by electrostatic deflection. 
With enough gas in the absorption tube for a dE of ~—0.8% 
the emergent flux falls by a factor 10-*—10~7 due mainly to 
charge exchange, but individual particle counting is still 
possible. This beam gives a greatly reduced stopping power; 
for instance at 75 kev (1.7¢/137) where the normal or weighted 
mean of ¢€9 and «; is 7.4X10~ ev/(atom/cm?) for a hydrogen 
beam in He, we find ¢)=2.6 such units. 


1S. D. Warshaw, Phys. Rev. 76, 1759 (1949). 


F3. High Intensity Nanosecond Ion Buncher.* L. D. Cuits- 
HOLM, W. E. Dance, D. C. Raps, anp R. C. MosLey, 
Louisiana State University.—F ollowing a previously proposed 
method for producing short intense monoenergetic ion 
buncher,! a complete variable path magnetic ion buncher was 
constructed. Tests over the past two years have indicated 
good bunching, but available ion beam intensity and instru- 
mental resolution were too low for detailed measurements. 
Recently a high-current (100 wa), high-resolution ion beam 
and corresponding high-resolution pulse measuring equipment 
have shown performance in accordance with design predic- 
tions. Measurements with }-Mev protons indicate pulse 
lengths <1 nsec peak currents >4 ma and a bunching ratio 
of >40. Average bunched current is ~30 ya. Bunching is 
accomplished by deflecting successive portions of a continuous 
monoenergetic ion beam from an electrostatic accelerator over 
progressively shorter paths between focii of a multifocusing 
103° deflection magnet in a manner such that all ions coalesce 
essentially simultaneously at one focal point in high intensity 
short duration ion pulses. Sinusoidal electrostatic deflection 
at 8.8 Mc/sec, linearized by cylindrical electrostatic lenses? 
provides the required sweep. 


* Sup) in part by the U. S. Atomic Energy Commission. 


R. C. Mobley, Phys. Rev. 88, 360 (1952). 


1 
2 R. C. Mobley, Bull. Am. Phys. Soc. 1, 179 (1956). 


F4. Response of Silicon Surface Barrier Detectors to Fission 
Fragments. H. W. Scumitt, J. H. NEILer, F. J. WALTER, AND 
R. J. Sitva, Oak Ridge National Laboratory.—The pulse-height 
response of silicon surface barrier detectors to fission fragments 
has been found not to be strictly proportional to fragment 
energy. A linear relationship in the range of fission fragment 
energies is exhibited, but extrapolation to zero pulse height 
yields a finite energy (analogous to the ionization defect for 
fission fragments stopped in gases!). Thus E=aXPH-+4, 
where E=fragment energy, PH=pulse height, and 8 for 
these detectors has been termed? “‘pulse height defect.’’ Values 
of 5 from 6 to 26 Mev have been found, depending on silicon 
resistivity and applied bias voltage. The systematics of this 
behavior will be discussed. 

1H. W. Schmitt and R. B. Leachman, Phys. Rev. 102, 183 (1956). 


2 Proceedings of Solid State Nuclear Particle Detectors Conference, 
Asheville, North Carolina (1960). 


FS. Performance of a Large Luminosity Beta-Ray Spec- 
trometer.* A. A. BARTLETT AND Rosert A. RIsTINEN, Uni- 
versity of Colorado.—An inside-out v2x double-focusing spec- 
trometer of the Siegbahn type has been constructed. The 
magnet is made of low-carbon iron with the flux return on the 
outside. The design radius is r>=30 cm and the maximum 
transmission is 5% of 4x. Several coils in series provide the 
magnet excitation and the use of shunts in parallel with 
individual coils provides flexibility in adjusting the field shape 
The design of the entrance slits allows the study of small 
groups of rays anywhere in the maximum transmitted solid 
angle. By means of these coil and slit adjustments one can 
achieve a focusing that is independent of the angle ¢, in the 
range —0.65¢.5+0.6 radians. Under these conditions the 
dependence of the focusing on ¢, is symmetric about a negative 
value of ¢, and it is approximately quadratic. A representative 
performance is: a resolution of 0.4% at a transmission of 2% 
of 4x with a source 1.5 by 40 mm. Because of the radial 
defccusing, larger sources must be used in order to achieve 
reasonable line shapes at full transmission. 


* Work supported by the National Science Foundation. 


F6. Charged Particle Optics of Magnetic Sector Spectrome- 
ters with H=H,«<r™ [2z,r@ Cylindrical Coordinates with 
z-axis =Object-Image Line ].* A. H. Jarrey, C. A. MALtL- 
MANN, J. SUAREZ-ETCHEPARE, AND T. SUTER, Argonne 
National Laboratory and Argentine Atomic Energy Commission. 
—The charged particle optics of symmetric and asymmetric 
spectrometers of this kind! is developed,? taking into account 
the effects of fringing fields. Formulas are given for: the images 
of point and extended sources, the resolution, and trans- 
mission. The suppression of ghost peaks arising from multiloop 
trajectories is studied. Methods and tables for the calculation 
of instruments are given, and some general considerations 
concerning the choice of design parameters are presented. The 
correction (for fringing field effects) of sector profiles of 
instruments already constructed is analyzed; formulas are 
given which permit calculation of the modifications to the 
profiles required to insure good focusing with high transmis- 
sion. Tables include: general trajectory functions; profile 
curves, dispersion and transmission functions for symmetrical 
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instruments. A tabulated comparison is made between in- 
struments constructed in various laboratories. 

* Based on work performed under the auspices of the U. S. Atomic Energy 
Commission and the Argentine Atomic Energy Coramission. 

1 In its multiple-gap form, this design has been used in ‘“‘sliced-orange” 
spectrometers as, for example, in O. Kofoed-Hansen, J. Lindhard, and O. B. 
Nielsen, Mat. Fys. Medd. Dan. Vid. Selsk. 25, No. 16 (1950). 

2 To be published as ANL-6222. 


F7. A Two-Crystal Gamma-Ray Spectrometer of Relatively 
High Efficiency. L. C. Nortuciirre, Yale University.—Two 
Nal(TI) crystals, separately packaged and viewed by separate 
photomultiplier tubes, are placed with the plane faces of the 
crystal containers in contact. Incident gamma rays are colli- 
mated parallel to the contact plane. Coincident output pulses 
are separately amplified, stretched, and fed to the horizontal 
and vertical plates of an oscilloscope. The event is recorded 
as a spot by intensifying the scope trace. A time exposure 
photograph of the spots displays the gamma-ray spectrum 
Since the crystal containers inhibit the passage of electrons, 
coincident output pulses are associated with pair production 
or Compton scattering in on2 of the crystals (barring coin- 
cident incidence of two gammas). For a monoenergetic gamma 
ray the spots resulting from Compton interactions accumulate 
along a diagonal, while those resulting from pair production 
show up in in unique locations. Relatively complex spectra 
are quickly displayed and easily interpreted. For more 
quantitative measurements the coincident pulses are summed 
and gated into a multichannel analyzer. The pulse height 
spectra are considerably improved over those from a single 
crystal, with only a modest sacrifice in efficiency. 


F8. An Exact Analytic Treatment for Scintillation Counter 
Time Resolution Functions.* J. V. KANE AND M. A. EL- 
WaHaB,f Brookhaven National Laboratory.—Expressions will 
be given for time response functions of scintillation counters 
employing a mathematical model to introduce various time 
spreads. It is shown that for exponential time spreads these 
functions are obtained in closed analytic form. The statistics 
are treated exactly and numerical values are given for several 
cases of interest. 

* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
t On leave from the University of Alexandria, U. A. R. 


Fo. On the Optimum Design Parameters of a Hydrogen 


Bubble Chamber.* R. W. THompson, University of Chicago 
and Argonne National Laboratory, AnD T. H. FreLps, Carnegie 
Institute of Technology and Argonne National Laboratory.—The 
methods of operations research are being applied to the 
problem of determining the length Z and strength of magnetic 
field H for the ANL hydrogen bubble chamber. We define a 
figure of merit as the ratio of ‘physics’ to the cost of the 
program. ‘‘Physics’’ is defined as the relative statistical weight 
of experimental results, and depends not only upon LZ and H 
but upon n, the number of interactions needed in an event, 
and m, a variable related to the sources of momentum error. 
The cost of the program is represented by an algebraic function 
of L and H, an important uncertainty being the cost of future 
data reduction systems. The chamber length which maximizes 
the figure of merit for most classes of experimentation is much 
larger than existing chambers and implies a cost exceeding 
that of a large accelerator. If we apply an economic constraint, 
and arbitrarily fix the cost of the program to be the same as 
that of other large hydrogen chambers, an optimum is found 
for L=1.5 m, H=40 kgauss. This optimum is rather indepen- 
dent of the type of experiment. These optimum parameters 
might be appreciably changed if a cryogenic magnet were used. 


* Work performed under the auspices of the U. 


S. Atomic Energy 
Com:nission. 


Fi0. Solid Bubble Chamber. JoHun H. ATKINSON, JR., 
Aeronutronic Division of Ford Motor Company.—A solid plastic 
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material has been discovered which shows the tracks of 
ionizing particles. The base material is a thermoplastic in 
which a metastable ionization sensitive material is dispersed. 
Exposure to a 12-Mev proton beam released nitrogen gas along 
the ionized paths of the incident protons. This gas was trapped 
by the base plastic matrix as small bubbles. The bubbles 
expand to approximately 34 in diameter upon heating the 
material to 125°C. Heating also sets the plastic and preserves 
the image. The developed image bubbles act as scattering 
centers for light since the ratio of index of refraction for the 
bubbles to the plastic medium is approximately 1/1.5. Space 
flight applications of the detection process are attractive since 
the material is relatively light weight with specific gravities 
around 1.5 and can be easily developed in flight. The gas image 
can be allowed to diffuse out if the plastic is not heated. Thus 
exposures can be made at a particular time during a flight 
without background interference from earlier exposures. 
Telemetry of the undeveloped image is also possible, allowing 
inflight observation of the changing particle flux. No sensi- 
tivity to minimum ionizing particles has been observed. 


Fll. A Three-Parameter Multichannel Recorder Analyzer 
System.* Micnaet G. Srrauss aNp Curtis C. Rockwoopn, 
Argonne National Laboratory (introduced by L. M. Bollinger). 
—tThe system described consists of one record station and one 
search station now in operation, and an additional record 
station under construction. Nuclear events described by three 
parameters are recorded on magnetic tape by the record 
stations, The completed tapes are then analyzed off line by the 
search station. Each parameter is encoded by eight binary 
characters or 256 channels; thus the available number of 
channels is (256)* or approximately 16 7006 000. The maximum 
recording rate is 150 events per second with a pulse pair 
resolution of 300 usec. During search of the recorded tape, 
restrictions are imposed on two parameters. If both are 
satisfied, the third variable of the corresponding event is stored 
in one quadraut of a 1024-word core memory. Thus in a 
neutron experiment, for example, a single tape pass containing 
3X10 events and lasting 3 min will produce four time-of- 
flight spectra, each as function of two coincident gamma rays 
of preselected energies. The four spectra may be viewed on a 
cathode-ray tube or read out simultaneously by a typewriter, 
punch paper tape, and X-Y recorder. The entire system is 
made of solid-state devices. 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission, 


F12. Properties of Spherical Nal( 7) Crystals and Their 
Use in the Measurement of Continuous Gamma-Ray Energy 
Spectra. J. I. TRoMBKA AND MARCELLUsS L. WIEDENBECK,* 
University of Michigan.—Both the shape of the gamma-ray 
pulse height spectra and the intrinsic efficiency measured using 
cylindrical NaI(71) crystals are dependent upon source- 
detector geometry. Experimental and theoretical! results show 
that this geometrical dependence is greatly reduced if spherical 
crystals are used. Thus in cases where the source detector 
geometry cannot be specified, it is still feasible to deduce the 
true gamma-ray energy spectra from the measurement of 
pulse height spectra. The aforementioned properties are of 
particular interest in gamma-ray shielding studies. Using a 
spherical NaI(77) crystal and using a method developed by 
this group for obtaining the true gamma ray energy spectrum 
from the measured pulse height spectrum,’ it has been possible 
to determine degraded energy spectra produced by the 
scattering of gamma rays when passing through various 
materials. Experimental results will be presented. 

S. Atomic Energy Commission and the 


* Supported in 
M + — Mem Phoenix Fey 
te Communication from W. F. Miller - Ww. J. Snow, Applied 
ar) my Division, National Laborat 
ase. . Trombka and M. L. Wiedenbeck, Bull Pel. Phys. Soc. 5, 417 
1960) 
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F13. Fast Transient High-Intensity Gamma-Ray Solid- 
State Detectors.* WitLiam F. Linpsay, Lawrence Radiation 
Laboratory, Livermore.—Feasibility studies have been con- 
ducted to provide design criteria for using reverse-biased p-n 
junction diodes of select design as current detectors of high- 
intensity fast transient gamma radiation. The sensitivity of 
a silicon p-n junction is calculated to be S~10~'* amp/cm? of 
junction area per gamma Mev/cm?* sec of incident gamma flux 
per » of depletion layer width for 1- to 2-Mev gamma rays. 
Select commercially available diodes and transistors operated 
as reverse-biased p-n junction diodes were irradiated in a 
Godiva-type! pulsed reactor and in a linear accelerator brems- 
strahlung beam. The observed signals gave device sensitivities 
in agreement with that calculated. For radiation pulse widths 
of from 0.10 to 250 usec, frequency response characteristics 
were as expected from device alpha cutoff and recovery time 
ratings. Conclusions concerning design criteria for further 
development of this type of detector to provide increased 
sensitivity and higher-frequency response will be discussed. 

* Work done under the auspices of the U. S. Atomic Energy Commission. 


1T. F. Wimett e¢ al., “Time behavior of Godiva through prompt critical,” 
Los Alamos Rept. LA-2029, April 1956. 


F AND FA 


F14. Computer Scanning of Hodoscope Pictures.* L. Q. 
NIEMELA AND A. Boyarski, M.J.T.—Machine scanning of 
hodoscope pictures is in progress, using the M.I.T. TX-0 
computer. Events are recorded by photographing 360 gated 
lights, connected to scintillation counters arranged in a suitable 
geometry to follow particle paths in K meson decays. This 
binary information is read into the computer by focusing an 
oscilloscope spot, whose position is under computer control, 
onto the film, with a photomultiplier collecting the transmitted 
light and giving a yes-no signal back to the computer. A small 
search raster hunts for events; upon finding one, appropriate 
measurements are made to locate the position of the event on 
the film. A programmed spot scan then interrogates each 
possible light position. The lights appear as 0.10.3 mm dots 
on the film, and are covered by a 3X6 pattern of TX-0 spot 
positions. An event is read in } sec, and the film is advanced 
under computer control. The machine is programmed to 
recognize and analyze only interesting events, to make cross 
checks, and to print out range curves, angular correlations, 
and complete data on rare events. 

* This work is supported in part by the U. S. Atomic Energy Commission, 


the Office of Naval Research, and the U. S. Air Force Office of Scientific 
Research. 


MonbDAy AFTERNOON AT 2:00 


Adams-Hamilton Room 


(R. SMOLUCHOWSKI presiding) 


Metals 


FAI. Specific Heat of an Electron Gas in the Region of 
Metallic Densities.* SerH D. SILVERSTEIN, University of 
Illinois.—The influence of electron interaction on the elec- 
tronic specific heat has been calculated utilizing an inter- 
polation procedure similar to that employed by Nozieres and 
Pines! for the correlation energy. The contributions to the 
electron self-energy, and its derivative at the Fermi surface 
has been calculated in the region of low momentum transfer q, 
by the use of the random phase approximation, and in the 
region of large g, using second-order perturbation theory? with 
the neglect of the interaction between particles of parallel 
spin. The contributions from intermediate valves of g are ob- 
tained by making a smooth interpolation between the low and 
high q regions. The results for the alkali metals (including an 
effective mass contribution for the kinetic energy) are for the 
ratio of the interacting to the electron specific heat C/Co:Li, 
1.12; Na, 1.12; K, 1.19; Rb, 1.19; Cs, 1.20. 


* This research supported by the Office of Ordnance Research, U. S. 


y- 
1P, Nozieres and D. Pines, Phys. Rev. 111, 442 (1958). 
2 J. G. Fletcher and D. C. Larson, Phys. Rev. 111, 455 (1958). 


FA2. Electron-Phonon Interaction in Metals. Joun J. 
Quinn, RCA Laboratories.—An effective interaction between 
conduction electrons in a metal is derived by summing to 
infinite order all diagrams which contribute to the scattering 
of two electrons in the “pair approximation.’ This effective 
interaction can logically be separated into two parts, one in- 
volving no phonon processes, and the remainder. The former 
gives the usual screened Coulomb interaction for the degen- 
erate electron gas. The latter represents the ‘effective’ 
electron-phonon interaction. This effective interaction gives 
rise to a renormalized phonon frequency which contains both 
a real and imaginary part. In the limit of low frequency and 
long wavelength, the real part reduced to the Bardeen-Pines 
result,2 The imaginary part gives rise to attenuation of sound 


waves in the crystal; the attenuation coefficient shall be 
calculated explicitly. 


1K. Sawada, Phys. Rev. 106, 372 (1957). 
2 J. Bardeen and D. Pines, Phys. Rev. 99, 1140 (1955). 


FA3. Effective Mass of Electrons in Sodium.* Epwarp A 
STERN, University of Maryland, AND WiLttaM E. Harte, 
Department of Defense-—By measuring the angle of rotation 
of the plane of polarization of light after normal reflection from 
a flat metal surface in a normal magnetic field, an average 
effective mass of the conduction electrons can be calculated.! 
The room-temperature results of this measurement (the so- 
called Faraday effect on reflection) on sodium metal is pre- 
sented. Because the Fermi surface in bec sodium, the room- 
temperature phase, is essentially a sphere, an average electron 
effective mass is the actual effective mass. This value is com- 
pared with theoretical values and with the value obtained 
from specific-heat measurements. Because the specific-heat 
mass is more affected by electrohn-electron interactions than 
the Faraday mass, a comparison between the two masses shows 
very graphically the importance of many body effects in 
sodium. 


* Research supported by U. S. Signal Corps. 
1E, A, Stern, Bull. Am. Phys. Soc. 5, 150 (1960). 


FA4. Effective Charge of Quasi-Particles in a Metal.* 
E. R. BuRKE AND RICHARD A. FERRELL, University of Mary- 
land.—According to Stern' the charge of a quasi-particle in a 
metal e* is related to the effective mass m* by the equation 
e*/m* =e/m, when only electron-electron interactions play a 
role and lattice effects can be ignored. The unstarred quantities 
are the free charge and mass of an electron. Stern has further 
pointed out that this simple relationship no longer holds when 
electron-phonon interactions are taking place. We have 
performed an explicit calculation in lowest order perturbation 
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theory of the deviation from Stern’s formula and will present 
numerical results in which the percentage deviation is ex- 
pressed in terms of the percentage contribution to the effective 
mass due to electron-phonon emission and absorption. Since 
the e/m ratio is modified by the electron-phonon interactions, 
it is clear that the latter can significantly influence the 
cyclotron resonance frequency in a metal. 


* Research supported by the U. S. Air Force Office of Scientific Research. 
1 E, A, Stern (submitted for publication to Phys. Rev.). 


FAS. Gold Crystals One Atom Thick.* R. L. Hines, North- 
western University—When gold is evaporated in a vacuum 
onto an appropriate single-crystal substrate, the gold forms 
a single crystal with definite orientation with respect to the 
substrate. If the flux of gold atoms is large compared to the 
flux of residual gas molecules and if a ciean substrate surface 
is exposed at the start of evaporation by cleaving a mica 
crystal in the vacuum system, then very thin gold crystals 
can be made. A gold film 300 A tihck deposited in a vacuum 
of 10-* mm Hg on a mica surface cleaved outside of the vacuum 
system shows a fracture pattern characteristic of an amorphous 
film. However, a gold film 300 A thick grown at a rate of 30 A/ 
sec in a vacuum of 410-7 mm Hg on a mica surface freshly 
cleaved in the vacuum (mica temperature of ~100°C) shows 
a fracture pattern consisting of straight edges intersecting at 
angles of 60° and 120°. The thickness of the film is determined 
from its reflection coefficient using published data of reflection 
coefficient: versus gold film thickness. The thinnest film ob- 
tained to date has a reflection coefficient due to the gold of 
0.010 which gives a thickness of 7 A or only 3 atom layers. The 
film still shows fracture along lines with hexagonal symmetry. 


* This research is supported by the Advanced Research Projects Agency 
of the U. S. Department of Defense. 


FA6. Temperature Dependence of Electrical Resistance of 
Thin Metal Films in Different Environments. HELMUT 
ScHWARZ,* R.C.A.—The resistance of vacuum-deposited thin- 
metal films as a function of temperature was measured in 
vacuum, air, argon, and silicone oil. The films were formed 
by the deposition of a nickel-chromium alloy on ceramic 
substrates. Measurements were made of uncoated films and 
of films which were coated with a protective layer of silicone 
monoxide in thickness from 5 000 to 10000 angstrom units. 
When measured under vacuum, resistors displayed a tem- 
perature coefficient of resistance lower than that obtained 
in air, argon, or silicone oil. In an argon environment, the 
films had lower coefficients of resistance than in air or silicone 
oil. Even when the metal films were protected by a 10000 A 
thick layer of silicone monoxide, their temperature-coefficient 
behavior differed in different gas environments. Most of the 
temperature coefficients measured in the temperature range 
from —55° to +150°C were between 5 and 50 parts per million 
per degree centigrade. 


* Now with Hamilton Standard Division, United Aircraft Corporation, 
Windsor Locks, Connecticut. 


FA7. Radiation Effects on the Mechanical Properties of 
Tungsten.* D. R. Muss AnD J. R. TOWNSEND, University of 
Pittsburgh. Young's modulus (Y) and internal friction (6) 
were measured in polycrystalline tungsten between 78°K and 
room temperature at audio frequencies. This measurement was 
made in place, in the University of Pittsburgh cyclotron, where 
the samples were bombarded by 14 Mev deuterons. Pre- 
irradiation observations of 6 as a function of temperature show 
what seems to be a Bordoni peak at about 140°K with a width 
of about 60°K. The estimated activation energy for this 
relaxation process is 0.24 ev. This estimate was made from 
observation of the shift in peak temperature for two different 
frequencies. Room-temperature results for Y and 6 as a func- 
tion of incident flux are similar to those published by 
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Thompson and Holmes! for copper, i.e., Y increases and 6 
decreases with incident Mux. Both of these effects saturate at 
about 10'* deuterons/cm?. With still higher incident flux Y 
then decreases linearly with incident flux, a result attributable 
to the bulk effect of immobile vacancies. The slope of this bulk 
effect is 0.011%%/10'* deuterons/cm?. 

* This work was supported by the U. S. Air Force Cambridge Research 


Center. 
1D. O. Thompson and D, K. Holmes, J. Appl. Phys. 27, 713 (1956). 


FA8. Annealing of Radiation Induced Defects in Tungsten.* 
J. R. TownsEND AnD D. R. Muss, University of Pittsburgh.— 
The Bordoni peak in tungsten reported in the preceding 
abstract was removed by a room-temperature irradiation of 
10 deuterons/cm*. The main peak was replaced by a number 
of narrow peaks (widths from 2-5°K), the largest of which 
were strain amplitude and frequency dependent. After light 
irradiation (~10'% deuterons/cm*) at 78°K the internal 
friction (6) was measured as a function of temperature between 
78°K and room temperature. About 10 very large, narrow 
peaks were found superimposed on the original Bordoni peak. 
These internal friction peaks are an order of magnitude higher 
than the background, and are of the order of 2°K wide. 
Measurement of 5 vs T subsequent to this anneal gives the 
same Bordoni peak as before irradiation with the peak height 
reduced by about 10%. Two possible explanations for the 
large annealing fine structure in the internal friction are 
suggested: (1) The stress-induced motion of mobile inter- 
stitials, and (2) The relaxation of dislocations interacting with 
an atmosphere of defects. 


* This work was supported by the U. S. Air Force Cambridge Research 
Center. 


FA9. Chemical Etch Pits and Dislocations in Copper. 
A. W. Rurr, JR., National Bureau of Standards.—The relation 
between chemical etch pits and dislocations has been studied 
in thin single-crystal foils of copper. Both deformed and 
as-grown sheet crystals in {111} orientations have been 
employed. Surface studies were conducted at low magnifica- 
tions by optical microscopy and at high magnifications by 
electron microscopy using replica techniques. In addition, a 
procedure was developed for etching thin foils so that both the 
etch pits and dislocations were simultaneously revealed by 
transmission electron-microscopy methods. There is con- 
siderable evidence that there is not a one-to-one correspond- 
ence between the seetch pits and the emergence points of 
glide or notwork dislocations. Electron micrographs will be 
presented which indicate that etch pits are also nucleated by 
small dislocation loops near the surface. These loops are pro- 
duced throughout the sample during deformation. Some 
elements of diffraction contrast theory concerning dislocation 
visibility will be reviewed. 


FA10. Pressure and Temperature Dependence of High- 
Temperature Creep in Lead.* B. M. ButcHER ANp A. L. 
Ruorr, Cornell University.—The activation energy EF, for 
steady-state creep of 99.9999% lead was calculated from rela- 
tive strain rates obtained by the method of rapidly changing 
temperature over the range 60 to 200°C. The activation 
volume V, was obtained in a similar manner over the range 
1-10 kbars. Here E, which was independent of the deviatoric 
stress, was slightly larger (about 0.1 ev) for lead (as it appears 
to be in other metals) than the self-diffusion activation energy 
Ez. For certain! diffusion-controlled (1) mechanisms these 
values should be ideatical. When vacancy creation in a super- 
saturated atmosphere (II) is rate controlling? E, should be 
twice the energy of vacancy formation 2Ey. Since 2E, in several 
fcc metals? is about 1.10 Ez, excellent agreement is found 
with (II); V. should be 0.84 Q» for (I)* and we estimate from 
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other data® 1.40 Q) for (IT). 
0.85 +0.02 (Qo. 


* Supported by the U. S. Atomic Energy Commission and the Advanced 
Research Projects Agency. 
ox oy Jo ApPl. Phys. 31, 1077 (1960). 
Mag. 46, - (1955). 
W. Balluffi, we Rev. 119, 600 (1960). 
. Rice, J. Chem. Phys. 31, 135 


Lazarus, Conference on Very High Pressures, Bolton Landing, 


Experimentally, we find V.= 


: z of Simmons and * 


N. H. Nachtrieb, H. A. Resing, and S. A 
(1958). 


D. 
New York (1960) 


FA11. Effect of Additional Elements on the Period of the 
CuAu 0 Superlattice. Ropert S. TorH AND Hrrosui Sato, 
Ford Motor Company.—The superlattice CuAu 0 is character- 
ized by a long period, or regular antiphase domain. This type 
of antiphase domain is not peculiar to CuAu only, but fre- 
quently occurs in other alloys. The effect of additional elements 
on the long period superlattice of CuAu 1 was determined in 
order to supplement the existing data! systematically and also 
in the hope that it would lead to some explanation as to why 
such a long period structure is stable. Single crystal CuAu 0 
films were made by employing the thin-film technique. The 
films were made by successive evaporations of Au and Cu, 
respectively, onto a heated NaCl substrate. Additional 
elements of various concentrations were then evaporated onto, 
and diffused into, the films. Elements from each group in the 
periodic table which could be readily evaporated from W boats 
were selected. The effects noted included an increase or de- 
crease of the period, or a complete destruction of the long 
period superlattice, depending upon the type and concentra- 
tion of the additional element. For example, the addition of 
Group III B elements Al, Ga, or In resulted in a decrease of 
the domain size M from 5.0 to 1.5 for concentrations a. 2 to 
23 atom %, respectively, while the addition of 4 atom % Ge 
or Pd into CuAu completely destroyed the CuAut 
superlattice. 


1S, Ogawa, D. Watanabe, H. Watanabe, and T. Komoda, J. Phys. Soc. 
Japan 14 036 (1959). 


FA12. Low-Temperature Specific Heats of Dilute Cu-Co 
Alloys. L. T. CRANE AND J. E. ZIMMERMAN, Ford Motor Com- 
pany.—The specific heats of dilute alloys of cobalt in copper 
have been investigated in the temperature range from 1.5° to 
4.5°K. Both cobalt and copper samples were of spectroscopic 
purity and specimens were prepared by chill casting from the 
melt and fast quenching after annealing. Measurements were 
made on eight specimens having cobalt concentrations in the 
range from } to 24 weight percent. Results show a complex 
specific heat anomaly which is divisible into two parts: the 
specific heat in excess of that of pure copper (1) is linear in 
temperature and a quadratic function of concentration at the 
higher temperatures in this range and (2) exhibits at the lower 
temperatures a strong additional increase which appears to 
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have a characteristic temperature proportional to cobalt 
concentration. Comparison with the measurements on dilute 
Cu-Mn alloys shows that the magnetic interaction in Cu-Co 
and Cu-Mn must be quite different. Calculation of the entropy 
accounted for between 1.5 and 4.5°K shows that the avail- 
able atomic cobalt spins are not being aligned at these 
temperatures. 


FA13. Ultrasonic Attenuation Measurements in Copper.* 
EuUGENIE V. MIELCZAREK, D. SHELLEY, AND Paut H. E 
MEIJER, The Catholic University of America.—Measurements 
of the magneto-acoustic effect have been made in copper at 
orientations every few degrees around the 001 axis. Longi- 
tudinal waves were propagated along the 001 axis and the mag- 
netic field was kept perpendicular to this axis. Measurements 
in the 110+1° direction as a function of magnetic field show 
seven minima. These minima give a momentum of 1.29+0.03 
X10-'* g cm sec™ in this direction. This is the momentum of 
an outside orbit in particular a dogbone orbit. This value is in 
fair agreement with that measured by Morse (1.22X10-" 
g/cm/sec™), The measurements around the 001 axis show a 
definite shift in the minima positions toward lower values of 
(AH) at about 110+25°. In the 100 direction seven minima 
are observed. Two of these minima are displaced to such an 
extent, in both attenuation and field, with respect to the other 
minima that they obviously belong to another orbit. The two 
orbits contributing to the resonance are a belly orbit and 
probably an orbit which occurs for an electron having k2+0. 
Measurements have also been made at several frequencies 
with the wave vector g along the 110 axis and with H in the 
111 direction. Here the last minimum appears split (similar 
to our observations in Silver). 


* This research is sponsored by the Office of Naval Research. 


FA14. Relation Between Stored Energy and Dilatation of 
Irradiated Graphite. Ropert W. Keyes, JBM Research Labo- 
ratory.*—This work uses Zener’s theory of stored energy to 
calculate the stored energy of irradiated graphite from the 
c-axis expansion. According to Zener’s theory the stored energy 
per unit volume is 


Es= [(a logC/aP)r —By 15, 


where (8 logC/dP)r is the isothermal pressure derivative of an 
elastic modulus and § is the isothermal compressibility. The 
dilatation 6 is essentially equal to (Ac/c) in graphite. From 
Gruneisen theory (0 logC/éP)r =(2y7+-4)8, and the Gruneisen 
constant y can be obtained from measured values of the 
thermal expansion coefficient, the specific heat, and 8. We find 
that y =1.3. Use of 8=2.9X10-* bar™ gives Es =4000( Ac/c) 
in cal/cm*. This value is (4) to (4) of those observed. 


* This paper placed on Monday at the speaker's request. 
1C. Zener, Trans. Am. Inst. Mining Met. Eng. 147, 61 (1942). 


MoNDAY AFTERNOON AT 2:00 
Cotillion Room North 


(G. E. UHLENBECK presiding) 


Theory, II: Many-Body Problems, Statistical Mechanics 


FB1. Explicit Collective Coordinate Transformation of a 
Many-Boson System. JERoME K. Percus, New York Uni- 
versity, AND GEORGE J. YEVICK, Stevens Institute of Technology. 
—The Fourier components of matter density for a condensed 
boson system behave to a considerable extent as independent 
oscillating variables. This suggests rewriting the Hamiltonian 


in terms of an appropriate finite number of such components 
and their conjugate momenta. Numerous approximate proce- 
dures for doing so have been investigated in the past. In the 
case of a periodically bounded N-body system in one space 
dimension, an explicit transformation results from the observa- 
tion that the N lowest components vanish at regular lattice 
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spacing, so that a MacLaurin series may be developed about 
this N-dimensional point. The required momentum and 
Jacobian transformations easily follow as well. For three space 
dimensions, the analegous process is available if we consider 
only the longitudinal part of the Hamiltonian. In either event, 
a diagrammatic technique has been obtained for facilitating 
the transformation. The resulting Hamiltonian is nearly 
diagonal, and both variation and perturbation methods are 
readily set up for its solution. Transverse variables in the 
three-dimensional case may also be inserted perturbationwise, 
and their effect in coupling longitudinal modes determined, but 
there is a good deal of latitude in the definition of the trans- 
verse variables, and correspondingly in their treatment. 


FB2. Quasi Particle-Quasi Particle Interaction in a Many 
Fermion System.* D. KoBE aANp W. CuEsToN, University of 
Minnesota.—The states of a many Fermion system possessing 
an energy gap can be explored using the formal techniques of 
Bogoliubov and Belyaev. To a good approximation, these 
states correspond to those of a system of independent quasi 
particles the major effect of the Fermion pairing forces being 
included in the introduction of the quasi particles. The Green's 
function for an interacting two quasi particle system has been 
constructed and examined in the limits of large and small 
energy gap. Under certain conditions, the modification of the 
states of the system caused by the quasi particle interaction 
is large and it is not possible to calculate the modification 
treating the quasi particle interaction as a perturbation. These 
effects are also present when one attempts to formally sum 
the equivalent stationary state perturbation series. 


* Supported by the U. S, Atomic Energy Commission. 

FB3. Time-Dependent Pair Correlation Function for a 
Degenerate Fermion Gas.* J. R. CULLEN AND RICHARD A. 
FERRELL, University of Maryland.—Let P' be a single-particle 
projection operator in a small region of configuration space 
centered about point 1 and P2(t) be a corresponding operator 
at point 2 and at the later time ¢ in the Heisenberg picture. 
Then van Hove's time-dependent pair correlation function, 
defined in connection with the scattering properties of the 
fermion gas, is given essentially by the vacuum expectation 
value (P2(t)P;). On the other hand, the true joint probability 
of finding a particle at point 1 and, in addition, another particle 
at point 2 time ¢ later is given by (P,P.(t)P,). These two func- 
tions can be expected to be identical only for the case ¢ =0, for 
which the projection operators commute (and P;?=P)). 
Explicit expressions can be exhibited for the one-dimensional 
free-fermion gas. 


* Research supported in part by the U. S. Air Force Office of Scientific 
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FB4. Linear System Which Approaches a Second-Order, 
Order-Disorder Phase Transition.* GrorGe A. BAKER, JR., 
Los Alamos Scientific Laboratory.—The calculation of the par- 
tition function for a simple, one-dimensional, order-disorder 
model is reduced to the solution of a certain functional equa- 
tion. This equation is solved exactly and it is shown that in 
the limit of indefinitely long range interactions the model 
exhibits a finite discontinuity in the specific heat. 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


FB5. Three-Dimensional Lattice Gas in Random Phase 
Approximation.* M. CoopeRsMITH AND R. Brout, Cornell 
University.—The three-dimensional lattice gas is examined in 
the light of Brout’s recent work! on high density ferromag- 
netism. It is observed that the spherical model approximation 
to the Ising model partition function with magnetic field is a 
function of 1—R?, where R is the magnetization or long range 
order. By identifying the pressure of the lattice gas with the 
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free energy of the Ising model, we note that the pressure of the 
lattice gas is a function of p(1—p,) in the same approximation, 
where p equals density equals (1—R)/2. The relationship 
between the vapor and liquid phases is therefore made mani- 
festly evident, the expansion parameter for the vapor phase 
being the density of particles, p and for the liquid phase being 
the density of holes, 1 —p. Machine calculations of Ising model 
and lattice gas isotherms are made and will be presented. 
Considerations on the extension of lattice gas condensation 
to the condensation of real gases will also be given. 


* Supported in part by the Office of Naval Research. 
1R. Brout, Phys. Rev. 118, 1009 (1960). 


FB6. Some Partition Problems with Analogies in Quantum 
Statistics. R. L. InGRanAM, New Mexico State University 
(introduced by Otto Theimer).—The problem of counting spin 
configurations in Ising lattices which satisfy various algebraic 
conditions is formally similar to computing the entropy of 
certain many-particle systems obeying Fermi Dirac statistics. 
Steepest descent methods have been used to solve several of 
these problems, and the analogies with quantum statistical 
formulas have been brought out. 


FB7. Radial Distribution Functions for the Lennard-Jones 
Potential. A. A. BroyLes, University of Florida.—A compari- 
son will be made between radial distribution functions com- 
puted various ways for a system of particles interacting with 
the Lennard-Jones 6-12 potential where kT/e is 2.74. The 
Monte Carlo calculations of Wood and Parker! will be com- 
pared with the solutions to various integral equations such as 
the Born-Green and Percus-Yevick equations. 

1W. W. Wood and F. R. Parker, J. Chem. Phys. 27, 720 (1957). 


FB8. Complex Cluster Integrals for an Augmented Gaus- 
sian Gas.* Tomoyasu TANAKA, Paut H. E. MEIJER, AND 
Joun N. Fox, Catholic University of America.—It has been 
shown! that complex cluster integrals can be evaluated very 
easily if the actual f-function f =exp—¢(r)/kT —1 is replaced 
by fo=—exp—Av*. A possibility of using a more realistic 
f-function is suggested also by the same authors.! We have 
carried out the actual calculation of the cluster integrals of 
of four and five particles with the augmented Gaussian func- 
tion in the form f=(—1+Br*)exp—Ar*, where B and X are 
determined as functions of temperature by comparing with 
the Lennard-Jones potential. It is shown that the integration 
problem is reduced to the evaluation of higher derivatives of 
the so called tree determinant. The method is also applicable 
to the evaluation of more complicated*clusters. | 


ty ye by U. S. Air Force contract. 
E. W. Montroll, T. H. Berlin, and T. W. Hart, Changements de Phases 
(Paria, 1952), p. 211. 


FB9. Quantum Mechanical Irreversible Ensembles.* 
CuaRLEs R. WILLIs, Boston University.—In a previous report! 
we developed models for the description of the interaction of 
an arbitrary quantum system coupled with reservoirs of free 
bosons or free fermions. The equation satisfied by the system 
density matrix was derived using a perturbation expansion in 
powers of Ac, where ) is a coupling constant and ¢ is the density 
of the resevoir. If a further assumption is applied to our 
equation we obtain the Bloch equation.? We now have ex- 
tended the “H theorem” proved in reference 1 for a simple 
class of interactions to all interactions for the Bloch equation 
and a much wider class of interactions for our equation. The 
lack of dependence of the ‘“‘H theorem’”’ on the interaction of 
the system with the reservoir for the Bloch equation is shown 
to be due to the property that the Bloch condition divides the 
elements of the density matrix into noninteracting sets relaxing 
independent of each other. 

ton by the U.S. Air Force Cambridge Research Center. 


R. Willis and P, G. Bergmann, P11, AFOSR-TN-57-623. 
?R. K. Wangness and F. Bloch, Phys. Rev. 89, 728 (1953). 
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FB10. Statistical Theory of the Dielectric Constant of an 
Imperfect Gas.* A. N. KaurMAN, Lawrence Radiation Labora- 
tory, Livermore, AND K. M. Watson, Lawrence Radiation 
Laboratory, Berkeley.—A description is given of the state and 
dielectric properties of a gas of interacting molecules in a weak, 
nonuniform electrostatic field Eo(r). The molecules may be 
polar or nonpolar, and interact by Coulomb forces, which have 
a long-range (dipole-dipole) component, and by the Pauli 
principle, which gives rise to short-range repulsion. When the 
applied field varies slowly over molecular dimensions, a rela- 
tion is obtained between the polarization P(r) and the macro- 
scopic field E(r) (suitably defined): P(r) =(4r)-"(K —1)E(r). 
The Clausius-Mossotti function (K —1)/(K+2) is expressed 
as a power series in density, the coefficients of which are the 
traces of molecular cluster operators. Approximate evaluation 
of these coefficients leads to the Kirkwood and Jansen-Mazur 
dielectric theories. 


* This work was done under the auspices of the U. S. Atomic Energy 
Commission. 


FB11. Equilibrium Statistical Mechanics of the One- 
Dimensional Plasma.* STEPHEN PRAGER, University of Minne- 
sota.—The interaction of two charges in one dimension corre- 
sponds to the three dimensional interaction of two uniformly 
charged parallel plates, that is the potential is a- or v-shaped 
depending on whether the charges are of like or unlike sign. 
The partition function for an electrically neutral system of 
such charges can be obtained rigorously, without recorse to 
any approximations. The resulting thermodynamic functions 
agree with those predicted by the one-dimensional Debye- 
Hiickel theory in the limit of high pressures, but considerable 
deviations appear as the pressure is reduced. At very low 
pressures the system behaves as though made up of neutral 
molecules. 


* Work supported by the U. S. Air Force Office of Scientific Research. 


FB12. Transport Properties of Polar Gases. L. MONCHICK, 
Applied Physics Laboratory, AnD E. A. Mason, University of 
Muryland.—A model for the kinetic theory of polar gases is 
proposed in which it is assumed that the transfer of rotational 
energy may be safely ignored and that the relative configura- 
tion of two colliding molecules remains fixed throughout the 
most significant part of the trajectory; e.g., the turning point. 
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The Chapman-Enskog theory retains its usual form except 
that the collision integrals must be averaged over all configura- 
tions. The calculations have been carried out for the Stock- 
mayer potential, (12-6-3), 


@ =4e0[ (a /r) —(0/r)§+8(0/r)*] 


for values of kT/¢€9 ranging from 0 to 100 and of 6 from —2.5 
to 2.5. The transport properties that may be calculated from 
these integrals are the viscosity, diffusivity, and thermal 
diffusivity. The over-all agreement between experiment and 
this model for polar gases is comparable to that of the Lennard- 
Jones (12-6) model for nonpolar gases. 


FB13. Theory of Drag in a Rarefied Atmosphere.* M. H 
Rose, Institute of Mathematical Sciences, New York University. 
—The problem considered is that of the drag on a body in 
steady motion through a rarefied, neutral gas when collisions 
are no longer negligible. By using a Boltzmann equation with 
a modified collision term suggested by Krook,! it is possible to 
obtain the space dependence of moments of the distribution 
function for distances within a mean free path from the body 
(it is assumed that the mean free path is much larger than some 
characteristic dimension of the body). Values of the drag are 
calculated for both low and high Mach numbers. The method 
used is similar to Grad’s in deriving the asymptotic solution 
far from the body.? 


* The work presented here is supported by the Institute of Mathematical 
Sciences, New York University, under contract with the U. S. Atomi 
Energy Commission. 

1P, L. Bhatnager, E. P. Gross, and M. Krook, Phys. Rev. 

2H. Grad, “‘Equations of flow in a rarefied atmosphere," 
New York University (1959). 


94, 511 (1954). 
N YO-2543, 


FB14. Statistics of Random Events Scaled by an Arbitrary 
Factor. WESLEY O. Doccett, North Carolina State College.— 
The statistical nature of a random sequence of pulses scaled 
by an arbitrary factor is investigated. Expressions relating the 
average input rate of pulses to the observed average rate of 
the scaled-down pulses are given and verified experimentally. 
The fractional standard deviation of the scaled-down pulses 
is theoretically evaluated. Several generalized hyperbolic 
functions required in this analysis were numerically evaluated 
by the University’s Univac 1105 digital computer and are 
presented graphically. 


TuESDAY Morninc at 10:15 


Adams-Hamilton Room 


(S. GESCHWIND presiding) 


Spins, III 


G1. Electron Paramagnetic Resonance of Irradiated Boro- 
silicate Glasses.* Sook LEE ANnp P. J. Bray, Brown University. 
—ESPR spectra have been obtained from gamma-, proton, 
and x-ray irradiated borosilicate glasses. All spectra consist of 
asymmetric broad lines of width 51 gauss, which are well 
resolved into 5 equidistant lines of separation 14 gauss. 
Neutron irradiation produces the same spectra except for the 
addition of a single sharp, intense line with g=2.0012 super- 
imposed on one of the 5 lines. Measurements of g-value and 
response to microwave saturation and annealing indicate that 
this sharp line is due to trapped electrons in the silica network 
in the glasses, as described by Weeks! in neutron-irradiated 
pure silica. Spectra consisting of the broad resonance with 5 
lines have also been obtained from irradiated sodium, potas- 
sium, and lithium borate glasses, but not in the case of irradi- 


ated boron-free alkali silicate glasses.? It would appear, there- 
fore, that this resonance is due to paramagnetic centers 
produced in the B,O;-Na2O, —LisO or —K,O networks in the 
glasses. Centers produced in the silica network in the glasses 
seem to give no contribution to the resolved 5-line spectra. 
Atomic Energy Commission 


1R. A. s, J. Appl. Phys. 27, 1376 (1956). 
2 J. S. van Wieringen and A. Kats, Philips Research Repts. 


* Research supported by the U. S. 
Wee 


12, 432 (1957) 


G2. Effects of Heat Treatment Prior to Irradiation on 
Paramagnetic Resonance of Fused Silica.* A. J. SuusKUS AND 
O. R. Gittram, University of Connecticut, AND P. W. Levy, 
Brookhaven National Laboratory.—Paramagnetic resonance has 
been observed in room temperature uv irradiated Corning 
7943 fused silica. The line shape and g value are the same as 
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those observed by Weeks! in gamma and neutron irradiated 
fused silica, and optical absorption is developed at 212 mu. 
When samples are flame-heated to softening and quenched in 
water, the resonance is weakly observable before irradiation. 
Also, quenching causes optical absorption at 247 my, which 
does not appear to correlate with the ESR absorption. Signifi- 
cant enhancement in the spin resonance of uv irradiated 
samples results from quenching prior to irradiation. Other 
fused silicas behave similarly except Corning 7940, which 
gives no paramagnetic absorption. For a 10%r Co® gamma 
irradiation of 7943 at 300°K, two ESR lines of equal intensity, 
each 5 gauss wide and separated about 75 gauss, are detected. 
Quenching before irradiation enhances them. Prior to our 
interpretation of these lines, Weeks and Nelson! reported 
evidence that their intensity is proportional to the OH con- 
centration in the lattice, measured by infrared, and they 
postulated proton hyperfine structure. By deuterium substitu- 
tion we have confirmed that the splitting arises from proton 
hyperfine interaction. 
* Supported by the U. S. Atomic Energy Commission. 


1R. A. Weeks, J. Appl. Phys. 27, 1376 (1956); R. A. Weeks and C. M. 
Nelson, Oak Ridge National Laboratory Rept. (3017), August 31, 1960. 


G3. Electron Spin Resonance of X-Irradiated Single Crys- 
tals of Normal and Deuterated dl-Aspartic Acid.* THApuo S. 
JASEJA AND Roy S. ANDERSON, University of Maryland and 
Clark University.—A single crystal of normal dl-aspartic acid 
and one in which the NH: and OH protons were replaced by 
deuterium, were x-irradiated and examined by electron spin 
resonance at room temperature. No marked difference in the 
resonance patterns of both kinds of crystals were observed at 
any orientation in the magnetic field. Analysis of the spectrum 
suggested that the radicals formed were (CO,H)CH:CH 
(CO;H). One of the hyperfine interactions was found to be 
anisotropic and the other interactions were quite isotropic. 
This is similar to the results obtained with succinic acid.* The 
two methylene protons in the aspartic acid radical were 
found to be total nonequivalent and cause isotropic splittings 
of 116 and 20 mc. This may indicate that there is a larger 
twist of the methylene group in this radical than in succinic 
acid.! This larger twist may result from the presence of NH2 
or NDz in the parent molecule. Thus it must be assumed that 
the orientation of the radical formed in the crystal lattice 
remain the same as that of the parent molecule in the un- 
damaged lattice, as done in the case of succinic acid.! 


* Supported by the National Security Agency. 
1C. Heller and H. M. McConnell, J. Chem. Phys. 32, 1535 (1960). 


G4. Overhauser Effects and Other Relaxation Processes 
for Cobalt Ions in Cerium Zinc Double Nitrate.* J. W. CuLva- 
HOUSE AND W. P. Unruu,f University of Kansas.—A micro- 
wave cavity with two modes of oscillation, has been used to 
investigate the relaxation process for the hyperfine levels of 
the cobalt X ions in cerium zinc double nitrate.! One of the 
transitions of the hyperfine structure is saturated with high 
power while the signal due to another transition is observed 
with low power. At cobalt concentrations greater than 0.05%, 
cross relaxation processes of the type described by Bloem- 
bergen* are dominant. For dilute samples, saturation of the 
forbidden transitions produces changes in the intensity of the 
allowed transitions which are rather close to those calculated 
for a simple model. A small Overhauser effect can be produced, 
the size of which implies that the direct nuclear relaxation is 
somewhat faster than the relaxation for the forbidden transi- 
tion. The nuclear relaxation is of the order of 1 sec and the 
relaxation time for the allowed transitions is about 5 K 10™ sec. 

* Supported in part by the National Science Foundation and the Office 
of Naval Research. 

t National Science Foundation Predoctoral Fellow. 

1R,. S, Trenam, Proc, Phys. Soc. (London) A66, 118 (1953). 


2N. Bloembergen, S. Shapiro, P. S. Pershan, and J. O. Artman, Phys. 
Rev. 114, 445 (1959). 


247 


G5. Paramagnetic Spectrum of Interstitial Hydrogen Atoms 
in CaF. J. L. HALL* AND R. T. ScHUMACHER,} Carnegie Insti- 
tute of Technology.—We have observed a paramagnetic reso- 
nance spectrum in suitably prepared CaF. which we ascribe 
to interstitial atomic hydrogen. The crystal structure of CaF; 
is for this purpose appropriately described as a simple arrange- 
ment of F~ ions with every other body center occupied by a 
Ca** ion. The hydrogen atom is in a body center position. 
The observed spectrum can be described by the following 
spin Hamiltonian: 


8 8 
9: =g-8oS-Hot+ 2 Bi TO-S— z= ui Ho. 
‘ 1-0 


~ 
0 


S is the electron spin, wi, 1<7<8, is the fluorine nuclear 
magnetic moment, Uo is the proton magnetic moment, and 
Tt 0<i<8. is the electron-nuclear hyperfine tensor. We ob- 
tain | Tez | = | Ty = | Zee | = 521 gauss, Tz = T,,(*) =24 
gauss, T,,“) =63.2 gauss, 1<i<8. The z directions are along 
body diagonals of the simple cube. g, is very close to the free 
electron g value. Lines arising from Am,=+1, Am,=0, +1 
are predicted by §,, and are observed with the expected 
intensity. Sample preparation will be discussed. 


* National Carbon Predoctora! Fellow. 
t Alfred P. Sloan Fellow. 


G6. Electron Spin Resonance of Irradiated Chloroacet- 
amide and Chloroacetic Acid. RoGer P. Kontn, University 
of Maryland, aND Roy S. ANDERSON, Clark University.—Single 
crystals of chloroacetamide and chloracetic acid were x-irradi- 
ated at room temperature. Both samples yielded similar 
electron spin resonance signals having complex anisotropic 
hyperfine structure due to the chlorine and hydrogen nuclei. 
The Cl* nucleus contributed a maximum anisotropic hyperfine 
coupling of 55 Mc, which is comparable to the 35 Mc quad- 
rupole splitting observed in the undamaged molecule.! The 
minimum contribution of the chlorine nucleus was much 
smaller and unresolvable. In this intermediate field region, 
if B is not parallel to the symmetry axis of the electric field 
gradient, Amcij=+1, +2 transitions may be more intense 
than Amc, =0 transitions. mc, represents the component of 
Ic; along B in the high field approximation. Deuteration of 
the chloracetamiide amino group showed that the amino 
protons contributed a small hyperfine coupling of 13 Mc or 
less. One proton showed a large hyperfine coupling of 85 Mc 
maximum. The other protons having small hyperfine inter- 
actions could not be identified but may be from adjacent 
molecules hydrogen bonded to the chlorine atom. Hyperfine 
structure from the nitrogen nucleus could not be resolved but 
contributed to the line width. The radical was tentatively 
identified as -CHCICOOH or -CHCICONHs:. 


1H. C. Allen, Jr., J. Am. Chem. Soc. 74, 6074 (1952). 


G7. Electro Spin Resonance Studies of Radicals Formed 
by X-Irradiation of Amino Isobutyric Acid: Motional Effect 
in Free Radical Spectra. Minoru Fujimoto AND ROGER P. 
Kouin, University of Maryland, anv Roy S. ANDERSON, Clark 
University —Electron spin resonance studies were made 
between 10° and 300°K on the single crystal of amino iso- 
butyric acid irradiated by x rays at room temperature. The 
spectrum showed a reversible change with temperature. At 
room temperature the spectrum consisted of seven sharp iso- 
tropic hyperfine components having a nearly binomial inten- 
sity distribution, from which the radical was identified as 
(CH;)eC-COOH. As the temperature was lowered, this pattern 
gradually broadened and then changed to a strongly aniso- 
tropic spectrum below 50°K. This change can be interpreted 
as an effect of restricted motion of the two methyl groups in 
the radical. A determination of the possible structure of the 
radical in the low temperature phase was attempted from the 
analysis of hyperfine structure. 
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G8. Electron Spin Resonance of Irradiated Rutile.* C. G. 
YouncG, A. J. SHuskus, AND O. R. GrLiiam, University of 
Connecticut, AND P. W. Levy, Brookhaven National Laboratory. 
—At least ten radiation-induced electron spin resonances have 
been observed in clear Linde rutile which has been gamma 
irradiated at 77°K. The observations were made at 77°K using 
the sample as a dielectric XY band cavity resonator. Four lines 
are of comparable intensity and much more intense than the 
others. Bleaching and annealing behavior of these indicate 
two different paramagnetic centers, each in two nonequivalent 
sites. For this high field pair, g.[110]=1.92+0.01, g,[110]= 
1.89+0.01, g,[001]=1.80+0.01; for the low field pair, 
ge =2.00+0.01, g,=4.50+0.01, g,=3.43+0.01. These lines 
have anisotropic linewidths varying from 15 to 50 gauss. Brief 
exposure to room light causes bleaching, at different rates, of 
each of these pairs. The irradiation also causes the Fe**, Cr°*, 
plus about forty other impurity lines to decrease in size, while 
bleaching or annealing reverses the process. Another pair of 
radiation-induced lines, each about one gauss wide, showing 
a weak multiline hyperfine structure, has g,=1.964+0.001, 
gy =1.914+0.001, g.=1.935+0.001. This center also anneals 
away readily. All of the radiation-induced effects could also 
be observed by irradiation for a few hours at 77°K by an 
unfiltered uv low-pressure mercury lamp. These results and 
their interpretations will be discussed. 


* Supported by the U. S. Atomic Energy Commision. 


G9. Effect of Buffer Gases on Atomic Hyperfine Frequen- 
cies.* GEORGE A. CLARKE, Columbia University—Recent ex- 
periments on the effect of buffer gases (B) on the atomic hyper- 
fine frequencies of the hydrogen isotopes show a dependence 
of the fractional frequency shift Av/»o on the buffer gas and the 
hydrogen isotope. In principle, the fractional frequency shift, 
as a function of the internuclear coordinates R, is obtained 
from the expectation value of the hyperfine Hamiltonian using, 
in the two body collision approximation, an appropriately 
antisymmetrized system wave function Wy_a(r.;R). The 
quantity of physical interest, the statistically averaged fre- 
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quency shift, can be computed classically using the inter- 
molecular energies associated with the system wave function. 
This procedure has been carried out for the H-He system using 
as an approximation to the system wave function the anti- 
symmetrized product of 1s state orbitals. The calculation 
results in a fractional frequency shift which is in good agree- 
ment with experiment. Corrections to the classical distribution 
function for this near-classical system have been made in order 
to ascertain the nature of the mass dependence. For this most 
favorable system calculation shows that the quantum statis- 
tical correction is small (~2%). ! 


* Supported by the U. S. Air Force Office of Scientific Research. 


G10. Radio-Frequency Zeeman Transitions in the 2°P,,, 
States of He‘.* B. B. Ausprey, L. Y. CHow, VERNON W. 
HUGHES, AND R. Swirt, Yale University—The optical-rf 
atomic beam magnetic resonance method has been used to 
observe rf transitions between the Zeeman sublevels of the 
2°P2, states of helium in weak magnetic fields. A beam of 
helium atoms in the metastable 2%S, state is formed. The 
C-field region is illuminated with resonance radiation for the 
23S—>2'P transition so that atoms are excited to the 2'P states 
in which thay have a lifetime of about 10~? sec. The excitation 
of the atoms to the *P states and their subsequent decay back 
to the 4S, state produces a “‘light flop.’’ While the atoms are 
in the 23P states they are subjected to a radio-frequency 
magnetic field so that transitions are induced between the 
Zeeman sublevels of the 2*P states and can be observed as 
changes in the light flop. At the weak magnetic fields of 10 to 
30 gauss employed, the transitions between the *P Zeeman 
sublevels and those between the *.S, Zeeman sublevels are not 
completely resolved, and the observed line shape is not a 
simple superposition of independent Zeeman transitions in the 
3P and °S, levels, but indicates interference effects which must 
arise from the strong coupling by optical and radio-frequency 
fields between all the states. 


* This research has been supported in part by the U. S. Air Force Office 
of Scientific Research. 


TUESDAY MorNING AT 9:30 


Continental Room 


(D. A. BROMLEY presiding) 


Nuclear Reactions, III 


GAI. Excitation Function of the O'*(a,a’y)O'* Reaction.* 
W. E. Hunt, M. K. Menta, R. H. Davis, anp J. W. NELSON, 
Florida State University.—Excitation function for the reaction 
O'*(a,a’7y)O"* has been measured for a-particle bombarding 
energies (lab) from 10.0 Mev to 16.5 Mev by observing the 
yield of the 6.14-Mev + ray and the unresolved 6.92-Mev and 
7.12-Mev y rays from the second, third, and fourth excited 
states in O"*, respectively, using a 3-in. X3-in. Nal crystal at 
0° with respect to the a beam. Prominent peaks in the yields 
of 6.14-Mev vy ray occur at 11.97, 12.76, 13.27, 14.42, 14.85, 
15.73, and 16.07 Mev a-particle energy (lab) which correspond 
to the energy levels in Ne® at 14.33, 14.96, 15.37, 16.29, 16.63, 
17.33, and 17.61 Mev, respectively. Peaks in the combined 
yield of 6.92 and 7.14 y rays occur at 12.02, 12.51, 12.76, 13.69, 
14.53, 14.85, 15.51, and 16.07-Mev a-particle energy (lab). 
These correspond to levels in Ne*® at 14.37, 14.76, 14.96, 15.70, 
16.37, 17.16, and 17.61 Mev. Peaks in the two yields do not 
always occur at the same energy, indicating that the a particles 
from the same level in compound nucleus Ne® do not always 


populate all the three levels in O'*. The levels seen in this 
work are in good agreement with those seen in yields of ao, as, 
a1, a2, a3, in the reaction F(p,a)O"* reported earlier.’ 


* Supported in part by the U. S. Air Force Office of Scientific Research 
1F, Ajzenberg-Selove and T. Lauritsen, Nuclear Phys. 11, 1 (1959). 


GAz2. Lifetimes of the Low-Lying Levels of O” and F". 
A. E. LitTHERLAND, Clarendon Laboratory, Oxford,* AND 
B. Apams, D. EccLESHALL, AND M. YATES, Atomic Weapons 
Research Establishment, Aldermaston.—Excited O"8 and F8 
nuclei traveling at about 10° cm/sec have been produced by 
bombarding tritium with 11- to 16-Mev oxygen ions from the 
Aldermaston Tandem Accelerator. The attenuation of the 
doppler shifts, of the gamma rays from the decay of these 
excited nuclei, have been observed when the nuclei were 
slowed down in magnesium and copper.' By using recent data?“ 
on the specific loss of heavy ions in solids it was possible to 
interpret the observed doppler shifts in terms of the mean 
lives of the nuclear levels involved.4 The mean lives of the 
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1.98, 3.63, and 3.93 levels in O'* were found to be 3+1, 
2.2+0.6, and <0.3 picoseconds, respectively. In F!8 the mean 
lives of the 0.94, 1.04, 1.70, 2.10, and 2.53 Mev levels were 
>4, <0.4, 2.0+1.0, 0.8+0.3, and 1.2+0.4 psec, respectively. 

*Seconded from the Chalk River Laboratories, Atomic Energy of 
Canada, Ltd. 

1 The thin tritium in titanium (100 ug/cm*) targets deposited on mag- 
nesium and copper were supplied by Dr. E. J. Wilson, Radiochemical 
Laboratory, Amersham, England. 

( on) I. Porat and K. Ramavataran, Proc. Roy. Soc. (London) A252, 394 
1959). 

3P, G. Roll and F. E. Steigert, Nuclear Phys. 17, 54 (1960). 

4S. Devons, G. Manning, and D. St. P. Bunbury, Proc. Phys. Soc. 
(London) A68, 18 (1955). 


GA3. Lifetime of the 4.25-Mev Level in Ne**. M. A. CLark, 
H. E. Gove, Anp A. E. LirHerLAnp, Chalk River Laboratories. 
—The reaction C*(C"ay) Ne” using carbon ions up to 21 Mev 
from the Chalk River tandem accelerator is being employed 
to study properties of levels in Ne” and, in particular, thier 
lifetimes by the Doppler shift method.! Alpha particles were 
measured at 0° to the beam in a p-m junction counter and the 
spectra of gamma rays in coincidence with particular alpha 
groups were measured in a large Nal(T1) crystal at angles from 
0° to 135° to the beam. In the cascade de-excitation of the 
4.25-Mev level in Ne” it was found that the ratio of the energy 
of the 2.62-Mev gamma ray to that of the 1.63 Mev varied 
with angle as 1+(0.007+0.002) cos@ when 18-Mev incident 
carbon ions were used and the recoiling Ne” ions were stopped 
in aluminum. From this result and the measured mean life 
of the 1.63-Mev level of 7.6+3.3X10-" sec? an upper limit of 
5 X10- sec is obtained for the mean life of the 4.25-Mev level. 
Other properties of the levels in Ne®™ at 4.25, 4.97, and 5.63 
Mev obtained from these measurements will be discussed. 

1 Litherland, Adams, Eccleshall and Yates (preceding abstract). 


ee Manning, and Towle, Proc. Phys. Soc. (London) A69, 173 
(1956). 


GA4. O%(,d)O" Reaction.* J. C. LEGG, Princeton Uni- 
versity.—Enriched Al,O; targets, containing 90.2%, were 
bombarded by 17.6-Mev protons from the Princeton Univer- 
sity cyclotron. Protons, deuterons, and tritons were separated 
from each other by means of a pulse multiplier used with a 
dE/dx, E counter telescope. A proportional counter was used 
as the dE/dx counter, and both Nal and diffused junction 
silicon detectors were used as the E counter. Deuterons were 
observed going to the ground state and the first two excited 
states of O"” with /=2, 0, 1 angular distributions, respectively. 
Absolute cross sections for the ground state and first excited 
state deuterons were in reasonable agreement with the results 
of the O'8(d,t)O"” experiment of Armstrong and Quisenberry.! 
Tritons leading to the ground state of O'* were observed with 
an angular distribution consistent with an /=0 assignment. 

* This work was supported by the U. S. Atomic Energy Commission and 


the Higgins Scientific Trust Fund. 
1J. C. Armstrong and K. S. Quisenberry, Phys. Rev. (to be published). 


GAS. (Abstract withdrawn.) 


GA6. Gamma Radiation from Ne®.* W. W. Erpson,t 
R. D. Bent, anD R. A. La Satie Indiana University.—A 
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search has been made for states of Ne” with excitation energies 
between 5 and 10 Mev which decay predominately by gamma 
emission. Excited states in this energy range are unbound to 
alpha emission and will decay predominately by gamma emis- 
sion only if they have “unnatural” (0~, 1*, 2-, 3+, 4~, 5*, ---) 
spin and parity. The Ne™(a,e’y) reaction was studied using 
particle-gamma coincidence techniques and the 22-Mev alpha 
particle beam from the Indiana University cyclotron. Several 
gamma-emitting states have been discovered in the 5—-19-Mev 
energy range which appear to decay predominately to the 
4.2- or 4.9-Mev states. 

* Supported by the joint program of the Office of Naval Research and 


the U. S. Atomic Energy Commission. 
t National Science Foundation predoctoral Fellow. 


GA7. Elastic Scattering of 15-Mev Deuterons by Light and 
Medium Weight Nuclei,* C. A. Low, Jr., anp K. S. QuIsEN- 
BERRY, University of Pittsburgh.—A program has been started 
to investigate elastic scattering of 15-Mev deuterons using the 
magnetic spectrograph of the University of Pittsburgh cyclo- 
tron. The energy resolution of this detection system is such 
that the deuterons scattered from different elements in a mixed 
target can usually be separated at all but the lowest scattering 
angles. Deuterons scattered through laboratory angles from 
about 10° to 90° have been observed from carbon, oxygen, 
magnesium, aluminum, and potassium. A comparison has been 
made between natural Mg and Mg*®. Results from other 
individual isotopes will also be discussed. Aluminum was 
studied with an incident energy spread which was varied from 
about 40 kev to 450 kev, and no differences were observed. 
Plots of the ratio of the scattering cross section to the calcu- 
lated Rutherford cross section show a marked diffraction-like 
pattern in most cases. Some, such as potassium, differ greatly 
from the more usual pattern. The aluminum results agree 
substantially with those of Cindro and Wall.! 


*Work done in the Sarak Mellon Scaife eee eg Laboratory and 


assisted by the program of the Office of Naval Research. 
1 Nikola Cindro and N. S. Wall, Phys. Rev. 119, 1340 (1960). 


GA8. Collective Enhancement in Mg**(p,p’).* E. Rostf anD 
N. AuSTERN, University of Pittsburgh, anp G. R. SATCHLER, 
Oak Ridge National Laboratory.—The differential cross section 
for the excitation of the first excited state of Mg™ by the in- 
elastic scattering of 18-Mev protons has been calculated on a 
direct interaction model using the distorted wave Born ap- 
proximation. It was found that the magnitude of the cross 
section could not be explained by any reasonable single- 
particle or surface-interaction model. However, a more com- 
plete interpretation using rotational-model wave functions and 
a sum of two-body interactions' proved to be successful in 
fitting the magnitude, as well as the general features of the 
angular distribution, without any unknown parameters. The 
two-body interaction used was a simple central potential which 
fits low-energy 4S» nucleon-nucleon scattering. The optical 
potentials used were those which fit the elastic scattering data. 
All the nucleons in Mg™ were found to contribute to the 
inelastic scattering. 

*Work done in the Radiation Laboratory and assisted by the joint 
program of the Office of Naval Research and the U. S, Atomic Energy 
Commission, 

t National Science Foundation Cooperative Graduate Fellow. 

1W. T. Pinkston and G. R. Satchler, Proceedings of the International 


Conference on Nuclear Structure, edited by Bromley and Vogt (University 
of Toronto Press, Toronto). 


GA9. Experimental Nuclear Energy Levels of Mg™ and 
Their Interpretation,* R. K. SHELINE AND R. A. HARLAN, 
Florida State University.—Using the reaction Al*?(d,«2)Mg*® 
and a magnetic spectrograph 66 levels in Mg® have been 
determined below 8.7-Mev excitation. An interpretation of 
the leveis utilizing the Bohr-Mottelson collective model will 
be presented. Results indicate that below 4.8 Mev, agreement 
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with the model is good, while above this energy, deviations 
from experimental level density and energies can be qualita- 
tively explained by additional intrinsic and vibrational states, 
Coriolis coupling, and the uncoupling of paired nucleons in 
higher-spin rotational states. A statistical treatment,! used in 
determining the nuclear temperature of Mg** as ~2.45 Mev, 
indicates that the average level spacing begins to become 
smaller than experimental energy resolution above 7.7 Mev. 

* Supported in part by the U. S. Office of Ordnance Research and the 


. S. Atomic Energy Commission. 
1, Ericson, Nuclear Phys. 11, 481 (1959). 


GA10. Mean Life of the 1.61-Mev Level of Mg*.* V. K. 
RASMUSSEN, F. R. MEtTzGER, AND C. P. SWANN, Bartol Re- 
search Foundation.—Reasons for regarding the 1.61-Mev level 
of Mg** and the 2.21-Mev level of Al*? as the second, }*, 
members of the K = §* rotational band based on the ground 
state have recently been reviewed by Gove.! We have measured 
the mean life of the 1.61-Mev level using nuclear resonance 
fluorescence techniques. The Mg*5(p,p’) reaction, with 4-Mev 
protons from the Bartol-ONR generator on Mg” targets, was 
found to be a suitable source of the exciting y radiation. Form 
the self-absorption of the resonance radiation, and assuming 
spin §, r=(2.5_0,4**-®) X10 sec. The angular distribution of 
the resonance scattering was found to be 1+(0.42+0.03)P, 
+(0.03+0.01)P,. Neglecting possible polarization of the inci- 
dent radiation, this corresponds to an E2/M1 amplitude ratio 
of 6=—0.19+0.015 and a value of B(E2)/B(E2)sp of 6.5. 
According to Gove, Lemberg’s revised value! for this ratio, as 
measured by Coulomb excitation, is 5. Collective effects are 
thus implied. If the spin of the 2.21-Mev level of Al?’ is taken 
as $*, then the work of Metzger et al.?2 gives B(E2)/B(E2) sp 
=4.9 for 5=+0.5, but only 0.16 for 6=—0.08. More direct 
evidence as to the spin of these levels is desirable. 


t fotsed by the Office of Naval Researc 
E. Gove, International Conference - “Nuclear Structure, Kingston, 


1960. 
2 Metzger, Swann, and Rasmussen, Nuclear Phys. 16, 568 (1960). 


GAl11. Excitation Curves for the Reactions Mg*‘(n,p)Na*4 
and Cu®(z,p)Ni®. J. P. Butter anp D. C. Santry, Chalk 
River Laboratories (introduced by L. G. Elliott).—Fast neu- 
tron cross sections for the reactions, Mg*(n,p)Na™* and 
Cu (n,p)Ni® have been measured by the activation method 
for neutron energies from 5.7 to 20.4 Mev relative to the known 
cross section of the S*(n,p) P® reaction.! Monoenergetic neu- 
trons were obtained from the D(d,n)He* and T(d,n)He* re- 
actions, using a Tandem Van de Graaff accelerator. By 
irradiating samples at definite angles to the deuteron beam 
relative cross sections in the energy range 12.5 to 20.4 Mev 
were obtained by employing the known neutron angular dis- 
tribution of the T(d,n)He* reaction.2? These data were normal- 
ized at 14.5 Mev to the S(n,p) cross section. The Mg(n,p) 
cross section rises rapidly from 5.7 to 8.0 Mev and then it 
increases slowly reaching its maximum value of 190-+10 mb in 
the region of 14 Mev. The Cu(n,p) cross section increases 
slowly from 5.7 Mev and reaches its maximum value of 
11+1 mb at 10 Mev. 

W. A. Biggers, R. J. Prestwood and R. K. Smith. Phys. 


1L. Allen, Jr., 
Rev. 107, 1363 (1957). 
2S. J. Bame, r., and J. E. Perry, Jr., Phys. Rev. 107, 1616 (1957). 


GA12. Radiative Capture of Protons by Mg®.* F. W. 
Prosser, JR., D. H. NEHER, AND R. W. Krone, University of 
Kansas.—The y-ray spectra resulting from proton capture by 
Mg* have been measured for 20 resonances in the range of 
proton bombarding energies from 0.956 Mev to 1.717 Mev. Of 
these, the complete spectrum of only the resonance at 0.956 
Mev has been investigated previously.! The spectra are in 
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general complex and involve several of the lower-lying states 
in Al**, The branching ratios for these states as determined by 
Green, ef al.,! were used in the preliminary analysis of the 
pulse height distributions. The stronger cascades observed and 
the proton energies, in Mev, of the resonances at which they 
were predominant are as follows: compound state — 2.07-Mev 
state — 0.42-Mev state — ground state (0.956, 1.197, 1.634, 
and 1.701); c.s.—~4.19—0.42-—g.s. (1.207, 1.240, and 
1.377) ; c.s. ~ 0.42 > g.s. and c.s. > g.s. (1.028, 1.046, 1.086, 
1.150, 1.166, 1.589, 1.652, and 1.717) ;c.s. ~ 1.76 + 0.42 + gs. 
(0.987); c.s.—~3.16—> several states (1.527 unassigned 
(1.105, 1.138, and 1.285). At all of the resonances weaker 
transitions were observed which leave the Al’* in its 0* 
state. Coincidence spectra are being obtained to complete the 
identification of the weaker transitions and to confirm the 
branching ratios of the lower-lying states. Angular distribu- 
tions will be obtained to allow spin and parity assignments to 
be made for the several compound states and previously un- 
assigned lower states in Al? 


isomeri¢ 


mission. 
Roy. Soc. 


} Supported in part by the U. S. Atomic Energy Com 
1L. L. Green, J. J. Singh, and J. C. Willmott, Proc. 
A69, 335 (1956). 


(London) 


GA13. Gamma-Ray Resonance Yields from Aluminum 
Bombarded by Hydrogen Molecular Ions.* D. G. CosTELLo, 
W. L. WALTERS, AND R. G. HERB, University of Wisconsin.— 
In previous work on the Al?’(p,7)Si?* reaction by Dahl, 
Costello, and Walters! the curious asymmetry and resonance 
energy shift in yield curves taken with diatomic hydrogen ions 
was investigated. To fit the curves the electron accompanying 
the ion is assumed to be torn away instantaneously upon im- 
pact with the target and the mutual Coulomb repulsion of the 
protons alters their laboratory energies enough to appreciably 
distort the yield curves. New experimental data at higher 
energy resolution have revealed more structure in the yield 
curves. The earlier analysis has been extended to take into 
account higher vibrational states of the ion and the different 
internuclear separations of the constituent protons prior to 
break-up. Results of the analysis are compared with the data. 

* Work supported by the U. S. Atomic Energy Commission and the 
Wisconsin Alumni Research Foundation. a’ oe 


1P. F, Dahl, D. G. Costello, and W. L. Walters, Nuclear Phys 
(1960). 


GA14. Studies of (f,a) Reactions up to 12 Mev.* H. S. 
Apams, J. D. Fox, N. P. HEYDENBURG,f AND G. M. TEMMER,f 
Florida State University—We have studied the excitation 
curves and some angular distributions of alpha particles from 
Al*"(p,2)Mg™ (at least 7 states in Mg™) and Na™(p,a)Ne™ 
(at least four groups). A small Si junction counter was used 
as a detector. Strong resonances are still observed in the region 
of 20-Mev excitation energy in Si**. We are extending this 
survey to heavier nuclei. 


* Supported in part by the U. S. Air Force Office of Scientific Research 


t Also DTM, Carnegie Institution of Washington. 


GAI15. Gamma Radiations from Low Levels of Al’’.t 
R. D. BENT AND W. W. Etpson, Indiana University.—The 
Al?"(a,a’,y) reaction was investigated using particle-gamma 
coincidence techniques and the 22-Mev alpha particle beam 
from the Indiana University cyclotron. A strong 0.79+0.03- 
Mev gamma ray transition between the 3.0- and 2.21-Mev 
states of Al*”? was observed. This result, together with other 
data,! suggests that the 3.0- and 2.2-Mev states are the 9/2* 
and $* members of a rotational band based on the $* ground 
state. 


sraperted by the joint program of the Office of Naval Research and 
wl U. S. Atomic Energy Commission. 
1E, Almaqvist, D. A. Bromley, H. E. 


Gove, and A. E, Litherland, Nuclear 


Phys.. 19, 1 (1960), 
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Cotillion Room, South 


(J. B. MARION presiding) 


Fast Neutrons 


Hil. Angular Distribution of Fast Photoneutrons.* G. C. 
REINHARDT AND W. D. WHITEHEAD, University of Virginia.— 
The angular distribution of photoneutrons with energies above 
the (Si**7z,pAl?*) threshold has been measured for several 
elements between yttrium and bismuth, using 55-Mev brems- 
strahlung from the University of Virginia 70-Mev synchrotron. 
Neutrons were detected at nine angles from 30° to 150° bv 
cylindrical containers holding 50 g of pure silicon, and the 
2.54-min Al** activity was measured with geiger counters. 
Angular distributions were anisotropic and showed marked 
forward asymmetry. A least squares fit of the data to curves of 
the type A +8 sin*0+C cos@ showed B somewhat smaller and 
C larger than values determined at lower bremsstrahlung 
energies. There is evidence in support of previously reported 
peaking of the ratio B/A at N=82 and 126. 

* Supported by the U. S. Air Force Office of Scientific Research. 


H2. Time-of-Flight Measurements of Photoneutron 
Energy Spectra in the Kilovolt Region. I. Technique and the 
(n,) Cross Section of Ag.* D. B. McConneELL, W. BERTOZzzI, 
P. T. Demos, C. P. SARGENT, AND W. TuRCHINETZ, M.J.T.— 
A modification of the time-of-flight technique developed at the 
M. I. T. Linear Accelerator!,.? has allowed measurements to be 
undertaken in the kilovolt region of neutron energy spectra 
produced by nuclear photodisintegration. Neutron flight times 
over a 1.6-m flight path are measured with a timing resolution 
of about 10~® sec. Neutrons are detected with the aid of large 
liquid scintillators, by the (n,y) reaction in silver. The tech- 
nique will be described. Using the known Be®(+y,m) cross section 
results will be presented for the energy dependence of the 
(n,y) cross section of silver in the energy range 10-500 kev. 

* This work is supported in part by the U. S. Atomic Energy Commission, 
the Office of Naval Research, and the Air Force Office of Scientific Research. 


!W. Bertozzi, Ph.D. Thesis M.I.T., 1958 (unpublished). 
?F. R. Paolini, Ph.D. Thesis, M.I.T., 1969 (unpublished). 


H3. Time-Of-Flight Measurement of Photoneutron Energy 
Spectra. II. Spectra from Pb and Bi in the Kilovolt Region.* 
W. TurRcHINETZ, W. BeErRtozz1, P. T. Demos, D. B. Mc- 
CONNELL, AND C. P. SarGent, M.J.T.—The technique de- 
scribed in the preceeding abstract has been used to extend to 
the kilovolt region the earlier measurements of photoneutron 
energy spectra from Pb and Bi.! The neutron spectra produced 
by the absorption of 10-Mev bremsstrahlung have been 
measured from 10-500 kev. Several lines appear in the Pb 
spectrum at about (20), (30), 40, 95, (120), 180, and 250 kev. 
The Bi spectrum is almost smooth. Data will be related to the 
results of other experiments.?* The implications of such 
measurements in the determination of T,o and D will be 
discussed. 

* This work is supported in part by the U. S. Atomic Energy Commission, 
the Office of Naval Research, and the Air Force Office of Scientific Research. 
(ese Bertozzi, F. R. Paolini, and C. P. Sargent, Phys. wev. 110, 790 


2K. Reibel and A. K. Mann, Phys. Rev. 118, 701 (1960). 
+ Karlsruhe Photonuclear Conference, 1960, 15. 


H4. Differential Elastic Scattering of 15.2-Mev Neutrons 
by Ta, Th, and U.* C. I. Hupson, Jr., anp W. Scott WALKER, 
University of Virginia.—A need for additional data from (d,t) 
neutrons elastically scattered by deformed heavy nuclei has 
prompted a measurement of the elastic angular distributions 
of 15.2 Mev neutrons on Ta, Th, and U. The associated particle 
technique was used with a time-to-pulse-height converter to 
measure the time of flight of neutrons over a distance of 179 


cm. The percent energy resolution at 15.2 Mev was 16%. The 
neutron detector was a 13-cm diam by 15-cm long plastic 
scintillator. Cylindrical scatterers were used and angular dis- 
tributions were taken from 10° to 162° in 2° to 10° intervals. 
For comparison with a spherical nucleus, the angular distribu- 
tion for Bi was also measured. The data were corrected for 
finite geometry and multiple scattering. Several thicknesses 
of Ta and Bi were used to check the multiple scattering correc- 
tions. Estimates were made of the contributions due to inelastic 
scattering from low-lying levels. The data will be compared 
with optical model computations. 


* Supported jointly by the U. S. Army Office of Ordinance Research and 
the U. S. Atomic Energy Commission. 


H5. Total Neutron Cross Section of the Isotopes of Sele- 
nium. H. MvENzER,* K. Nisaimura,f AND W. M. Goon, Oak 
Ridge National Laboratory.—The total cross section of Se7®, 
Se7’, Se?8, Se®, and Se® for neutrons has recently been meas- 
ured in the energy range 4 kev to about 50 kev. The average 
resolution was 12 nsec/min. The resonances in Se”? were small 
and the sample thin, so that no structure was observed, only 
an average cross section in the neighborhood of 6 b. Resonances 
were observed in the other isotopes as follows: 

Se?$: 4.95, 5.95, 6.60, 7.80, 9.25, 12.9, 24.5, 34.8 
Se7: 5.70, 8.50, 10.0, 17.0, 26.8, 29.2, 31.0, 32.5, 40.0, 45.0 


Se®: 3.96, 4.84, 11.7, 18.3, 20.9, 24.0, 30.0, 40.4, 48.0 
Se®: 6.60, 13.8, 23.0, 26.5 


Results of analysis of these resonances cannot be given in this 
abstract. It is perhaps worth observing, however, that the 
trend of level spacing in these isotopes with number of neutrons 
is parallel to that in the case of the germanium isotopes. This 
and other comparisons between germanium and selenium will 
be given. 

*H. Muenzer, Visiting Investigator from the Institut fuer Radium- 
forschung und Kernphysik, der Oesterreichischen Akademie der Wissen- 
schaften, Vienna, Austria. 


+K. Nishimura, Visiting Investigator from Japan Atomic Energy 
Research Institute, Tokoyo, Japan. 


H6. Neutron Total Cross Section of Pb?” with 3-kv Reso- 
lution. J. L. FowLer ann E. C. CAMPBELL, Oak Ridge National 
Laboratory.—Since the total cross section of Pb?** measured 
with 10-kv resolution shows considerable unresolved structure 
in the 1-2 Mev range,’ it is necessary to examine this region 
with better energy resolution. Therefore, the total cross section 
has been determined by the standard transmission technique 
with the Li(p,2) neutron source about 3 kv thick over this 
neutron energy range. The samples (~120 g) were in the form 
of 1}-in.-diam cylinders of 99.75% Pb™*.? Neutrons were de- 
tected with approximately 10% efficiency by use of a stilbene 
crystal from which pulses due to gamma rays were depressed 
by means of the Brooks-Owen technique. Inscattering correc- 
tions to the data were calculated by use of published differen- 
tial cross sections of normal lead, and corrections were made 
for the second group of Li(p,”) neutrons. In the energy interval 
1.0 to 1.9 Mev, at least 46 resonances were observed. These 
had peak cross sections corresponding to J values in the range 
4 to }. Widths of the resonances varied from less than 3 kev 
to ~100 kev. 

1J. L. Fowler, E. G. Corman, and E. C. Campbell, Proceedings of the 
International Conference on Nuclear Structure, edited by D. A. Bromley and 
E. Ww. Vogt (The University of Toronto Press, Toronto, Canada, 1960), 
" The enriched Pb” isotope was obtained from the Isotopes Division of 
the Oak Ridge National Laboratory. 
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H7. Spectra of y+ Rays from Capture of (30+10) kev Neu- 
trons. F. W. K. Firk ann J. H. Girppons, Oak Ridge National 
Laboratory.—Current interest in the “direct capture’ theory 
of Lane and Lynn! has prompted the measurement of y-ray 
spectra from capture of (30+10) kev neutrons by Ag, Au, Cu, 
Fe, Lu, and Ni using a 9 in.X6 in. Nal(T1l) spectrometer. 
The ORNL 3-Mev pulsed Van de Graaff (10-* sec proton 
burst, 700 wa peak current) has been used to produce (30+10) 
kev neutrons from the reaction Li’(p,n)Be’?. Nanosecond 
time-of-flight techniques have enabled capture y-rays from 
the sample to be distinguished from those produced by the 
Li target and those from capture by iodine in the crystal. By 
using flight paths of 50 cm from the Li target to the sample 
and from the sample to the NaI(T1) crystal, it has been possi- 
ble to measure y-ray spectra of samples having capture cross 
sections ~20 mb. Transitions to the ground and low-lying 
states were observed in several cases and these preliminary 
results will be discussed. 

* Now visiting Oak Ridge National Laboratory from Atomic Energy 


Research Establishment, Harwell, Englan 
1A, Lane and J. E. Lynn, Nuclear Phys. 17, 563 (1960). 


H8. Average Neutron Cross Sections in the kev Region.* 
K. K. Setu, R. H. Taspony, L. W. WEsToN, AND H. W. NEw- 
son, Duke University—Average neutron total cross sections 
for Cu, Zn, Zr, Na, Mo, Sn, Rh, Pd, Ag, Cd, Gd, Nd, Pt, Au, 
and Tl as determined in the energy region 1 to 650 kev! have 
been analyzed for the statistical parameters (T,/D) and R’. 
A discussion is presented of the various methods which have 
been proposed? for analysis of average cross sections and the 
results for (T,°/D), (T,/D) and R’ are discussed in terms 
of the optical model. 


A as a supported by the U. S. Atomic Ae Commission. 
5, 8 “iseb Oe E. G. Bilpuch, and H. W. Newson, Bull. Am. Phys. Soc. 


a8 ae R. L. Zimmerman, and R. E. Chrien, Phys. Rev. Letters 
. Thomas, Phys. Rev. +f 224 (1955). 
‘EE . Seth, Revs. Modern Phys. 30, 442 (1960). 


H9. Elastic and Inelastic Scattering of 6-Mev Neutrons.* 
R. M. Wienzick, K. K. Setu, P. R. BEvinGToN, AND H. W. 
Lewis,t Duke University—The angular distributions of neu- 
trons scattered from C, Fe, Y, Mo, Sn, Cd, and Bi have been 
measured using a pulsed beam time-of-flight system for an 
incident neutron energy of 6 Mev. A gamma ray discriminator 
utilizing pulse shape discrimination in a liquid scintillator 
was successfully used to eliminate tube noise and gamma ray 
background. Energy distributions of the emitted neutrons 
were taken in 10° intervals for angles between 20° and 140°. 
Absolute differential elastic and inelastic cross sections were 
determined by comparison with the differential n-p scattering 
cross section and by using Fe as a secondary standard. Results 
of the analysis of the experiment will be compared with pre- 
dictions of the statistical theory. 


* Work supported by the U. S. Atomic Energy Commission. 
t Now on leave at the American University of Beirut, Beirut; Lebanon. 


H10. Neutron Time-of-Flight Spectrometer.* R. R. Bor- 
CHERS, H. W. LEFEVRE, AND C. H. Poppe, University of 
Wisconsin.—A fast neutron time-of-flight spectrometer has 
been constructed for use with the tandem electrostatic ac- 
celerator. The beam pulses obtained by chopping the negative 
ion beam prior to entry into the accelerating tube had a mini- 
mum duration of 4 nsec measured both before and after 
acceleration. The length of the pulse is determined by the 
energy spread in the negative ion beam. Shorter bursts are 
obtained by chopping the accelerated beam, although the 
deflected beam increases background. Chopping both before 
and after acceleration reduces background substantially. A 
dc bias applied to the negative ion deflection plates allows 
suppression of either of the two beam bursts associated with 
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each rf cycle by a factor of 1000. This improves the accuracy 
of charge integration and reduces the problem of spectral 
overlap. Beam bursts with a peak current of 2 wa and a dura- 
tion of less than 2 nsec are obtained. Time intervals are 
measured with a vernier chronotron.! A commercial 256- 
channel memory is used for storage. Over-all time resolution 
is 2.5 nsec. 


* Work supported by the U. S. Atomic Energy Commission and the 


Wisconsin Alumni Research Foundation. 


1H. W. Lefevre and J. T. Russel, Rev. Sci. Instr. 30, 159 (1958). 


H11. Deuteron Breakup.* H. W. Lerevre, R. R. Bor- 
CHERS, T. H. May, anp W. BENENSON, University of Wiscon- 
sin.—Spectra of neutrons produced by breakup of deuterons 
on the hydrogen and helium isotopes have been obtained by 
time-of-flight spectrometry. The hydrogen, deuterium, and 
helium spectra were obtained at deuteron energies of 8, 9, and 
10 Mev at laboratory angles up to 70°. The tritium and 
helium-3 spectra were observed at 0° for a deuteron energy of 
6.7 Mev. Gas target thickness for most of the measurements 
was two atmosphere centimeters and the energy resolution 
used was 1.7 nsec/m. Neutrons were detected in a Pilot B 
plastic scintillator 7.6 cm in diameter by 2.5 cm thick mounted 
on a RCA 7046 photomultiplier tube. The detector bias level 
was maintained at about 1 Mev. All of the angular distribu- 
tions showed strong forward peaking of the breakup neutrons 
The continuous neutron spectrum from deuterons on tritium 
was observed to have two maxima. 


* Work supported by the U. S. Atomic Energy Commission and the 


Wisconsin Alumni Research Foundation. 


H12. Activation Cross Sections for 14.5-Mev Neutrons for 
B", O'6, Al?’, and F. JuHANI KANTELE, University of Arkansas 
(introduced by R. W. Fink).—In the present work a few 
activation cross sections for 14.5+0.8 Mev have been meas- 
ured. By using a pneumatic transport equipment, end-window 
beta proportional counter, and thin powder samples, the 
following cross-section values were obtained, the value 556 mb! 
for Cu®(n,2n)-reaction having been used as a standard: 
B"(n,p), 3.240.4 mb; O'*(n,p), 3944 mb. The former value 
is in excellent agreement with a recent work.? The important 
cross section for Al?"(m,p) was studied by three different 
methods, namely, by comparing activities induced in Al and 
Cu foils, and in Al,O; powder, using beta proportional counter, 
and with the aid of gamma decay of activities produced in 
Al,O;. Weighted mean result from these was 878 mb which 
agrees with the 4x-counter work of YASUMI.! From irradia- 
tions of AIF; powder and Teflon, the cross-section values 
16.542 mb and 5747 mb were obtained for F(n,p) and 
F(n,a), respectively, using the above aluminum cross section 
as a standard. In all foregoing cases conventional corrections 
have been made before obtaining the cross-section values 
given. 


1S. Vasumi, J. Phys. Soc. (Japan) 12, 443 (1957). 


2J. A. DeJuren and R. W. Stooksberry, Phys. Rev. 120, 901 (1960). 


H13. A Reproducible Precision Long Counter for Measur- 


ing Fast-Neutron Flux.* J. De PaAnGuer, General Electric 
Company, Hanford.-—A design! based on the Hanson-Mc- 
Kibben counter? was evolved and three precision long counters 
were constructed out of polyethylene and retaining structures 
These counters designated as PLC-H-1, PLC-NBS-1 and 
PLC-H-2 were built at Hanford, at the National Bureau of 
Standards and at a commercial machine works. The use of a 
good quality BF; tube and a small retractable internal PuBe 
neutron source readily permits accurate standardization in 
different laboratories. Comparison tests with accelerator neu- 
trons and with neutrons from radioactive sources showed that 
the responses of the counters agreed to within 1.2% before 
any alterations were made and to within 0.4% after the central 
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polyethylene core of PLC-H-2 was exchanged for another one. 
Performance characteristics will be discussed. 


* This work was done under the auspices of the U. S. Atomic Energy 


Commission. 
1 Machine drawings are available from the Cooper-Trent Blueprint and 
ay wy Corporation, 2701 Wilson Boulevard, Arlington 1, Virginia. 
. O. Hanson and J. L. McKibben, Phys. Rev. 72, 763 (1947). 


H14. (n,2n) Reactions in Cu®, Ag'®’, and Sb!*.* L. A. 
RAYBURN, Argonne National Laboratory and University of 
Georgia.—Cross sections for the (m,2m) reaction in Cu®, Ag!®’, 
and Sb! have been measured for incident neutron energies 
from 12 to 19.5 Mev. The two 511-kev gamma rays from the 
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annihilation of positrons in the irradiated samples were 
counted in coincidence by using two Nal scintillation spec- 
trometers. For Cu®, the value of this cross section varied from 
65 to 675 mb; for Ag™’, from 600 mb to a maximum of approxi- 
mately 925 mb at an incident neutron energy of 15 Mev and 
then decreased to about 700 mb; for Sb, from 700 mb to a 
maximum of approximately 1050 mb at an incident neutron 
energy of 15 Mev and then decreased to about 800 mb. Where 
these measurements overlap those of other investigators, the 
values are in general agreement. 


*Work performed under the auspices of the U. S. Atomic Energy 


Commission, 
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(V. JACCARINO presiding) 


Invited Papers 


HAI. Nuclear Matrix Elements from Beta~Gamma Nuclear-Spin Correlations. R. W. Haywarp, 


National Bureau of Standards. (30 min.) 


HA2. Atomic Beams and the Standard of Length. K. G. KEssLer, 


(30 min.) 


National Bureau of Standards. 


HA3. Nuclear Size and Quadrupole Effects in Mossbauer Absorption. S. De BENEDETTI, Carnegie 


Institute of Technology. (30 min.) 


HA4. Interpretation of the Isomer Shift of Iron 57. L. R. WALKER, Bell Telephone Laboratories. 


{30 min.) 


TUESDAY MORNING 


Cotillion Room, 


AT 9:45 
North 


G. N. GLASOE presiding) 


Accelerators 


Jl. Properties of Shapiro-Type Accelerator Pulsing Sys- 
tem.* J. Lowe, J. V. KANE, AND M. A. EL-Wanas,f Brook- 
haven National Laboratory.—A_ radio-frequency deflection 
system has been installed on the BNL 3-Mev Positive lon 
Van de Graaff machine. Short bursts of radiation are produced 
by allowing the continuous beam to pass through an electro- 
static focusing lens, then the RF deflection plates, and finally 
to impinge upon a slanted target. This is a special case of the 
method proposed by F. L. Shapiro.! The period between beam 
bursts is 130 nsec and the beam time on target is ~10~" sec 
for 2-Mev deuterons with an average current reduction to 
about 2% of the unswept value. Thus an effective beam com- 
pression of approximately 20 times is obtained by this method. 
Details of the construction and operating parameters of the 
system will be presented. 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
4 leave from the University of Alexandria, United Arab Republic. 
1F, L. Shapiro, Instrumental and Exptl. Tech. U.S.S.R. 1, 33 (1957). 


J2. Production of an 18-Mev Alpha Particle Beam in a 
Tandem Van de Graaff Accelerator.* E. B. CARTER AND R. H. 
Davis, Florida State University—An analyzed beam of 8 
mya of He** has been identified by gamma-rays the 
Be*(a,n74.43)C reaction, by tracks in Ilford K2 plates of 
_ particles scattered from Au foils, and. by the C(a,m)O" re- 
action threshold. A mixture of helium and hydrogen is normally 
used in the duoplasmatron ion source, but the importance of 


hydrogen is not clear since significant traces have been found 
after four hours of operation of the unmodified ion source with 
the hydrogen inlet valve turned off. The beam from the nega- 
tive ion source has a momentum consistant a He* assignment 
for beam from the duoplasmatron ion source and He~ from the 
charge exchange canal. The terminal voltage is consistant with 
a He~ beam in the first half of the tandem accelerator. Hydro- 
gen asa charge exchange gas yields a beam 25% larger than 
air and five times larger than helium. Modifications of the 
ion source to study mixtures of gases wil] be discussed. 


* Supported in part by the U. S. Air Force Office of Scientific Research. 


J3. Multiple-Gap Spectrograph for Charged-Particle Re- 
action Studies.* H. A. ENGE aNnp W. W. Buecuner, M.I.T.— 
An 11-ton magnetic iron ring with magnetizing coils and 25 
gaps provide magnetic fields for 25 broad-range magnetic 
spectrographs simultaneously facing a target in the center of 
the ring. Gaps are 7.5° apart, accepting reaction products at 
from zero to 172.5° in 7.5° steps. Geometry of each gap and 
associated nuclear-track plateholder is similar to the MIT- 
broad-range, single-gap spectrograph.! An electrostatic quad- 
rupole lens focuses a reduced image of the energy-defining slit 
for the electrostatic generator onto a rotating gas or solid 
target. The whole spectrograph is enclosed in a vacuum tank. 

* This work has been supported in part with funds provided by the U. S 
Asomie Energy Commission, by the Office of Naval Research, and by the 


Uv. > Force Office of Scientific Research. 


re . Browne and W. W. Buechner, Rev. Sci. Instr, 27, 899 (1956). 
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J4. Analysis of the Loading the Beam of a Synchrotron on 
the Radio-Frequency Power Amplifier and Accelerating 
Cavity.* C. H. M. Turner, J. H. Martin, T. DEPARRY, AND 
D. SHIRER, Argonne National Laboratory.—The relationship 
between the dynamics of a beam in a synchrotron, its bunch- 
ing and phasing with respect to the rf voltage across the ac- 
celerating gap of a cavity is well known. The loading of the 
cavity by a bunched beam has received little attention, and 
is no longer negligible when the first harmonic component of 
the beam current through the accelerating gap is 2current 
flowing through the resistive component of the self-impedance 
of the cavity. An equivalent circuit is derived containing two 
independent current “‘sources” due to the power amplifier and 
beam current. The greater the beam intensity the further the 
inductance of the cavity should be tuned from resonance to 
maintain the same program of the rf voltage and beam phasing 
during an acceleration cycle. The currents delivered by, and 
the power dissipated at the anodes of the power amplifier can 
then be minimized. A simple measure of the distortion of the 
sinusoidal accelerating voltage waveform is obtained by as- 
suming that the bunches are infinitely short. 


* Research performed under the auspices of the U. 
Commission, 


J5. Broad-Range Spectrograph for Cyclotron. R. N. 
MATHUR AND E. BLEULER, Purdue University.—As part of the 
program of nuclear reaction studies, a broad-range magnetic 
spectrograph has been designed and built. The spectrograph 
has a uniform-field, sector type magnet (up to 17 000 gauss) 
with a gap width of 1 in. and is mounted to rotate about a 
horizontal axis passing through the target position at an angle 
of 77.5° to the beam direction. This provides a useful angular 
range 0° to 155°. Particles with radii of curvature between 
35 and 53 cm in the magnetic field are detected in nuclear 
emulsion plates. With partial entrance-edge focussing the 
z-acceptance angle varies with increasing R from about 1° to 
0.6° for a detector width of 0.5 in. The exit edge is designed to 
yield second-order focussing for three values of R. Preliminary 
measurements of the properties of the spectrograph have been 
made with thin Po*” a-particle sources. With maximum ac- 
ceptance angles, peaks of half-widths less than 2 mm are 
obtained over the entire length of the photographic plates. 
The dispersion varies along the length of the plates, but is 
of the order of 0.1% in energy per mm. 


J6. Shaped Drift Tubes for Proton Linear Accelerators.* 
R. L. GLucksTeERN, Yale University.—Solutions of Maxwell’s 
equations for an unloaded cylindrical cavity driven by isolated 
currents and charges are obtained. With judicious choice of 
cavity parameters one can enclose the region of charges and 
currents within a surface everywhere normal to the electric 
field. In this way one can obtain the resonant frequency of 
cylindrical cavities loaded with rounded drift tubes. The 
method is similar to that of Christofilos.! Several possible drift 
tube shapes have been calculated in connection with the design 
of a linear proton accelerator. Power loss calculations and 
resonant parameters will be compared with those of Walkin- 
shaw* for both the 27-mode and z-mode drift tube loaded 
cavities. The method has also been extended to wave guide 
structures with shaped irises. 

= Seoperted ees by U, S. Atomic Energy a contract. 


CERN Symposium 1956, p. 
2 Walkinchese and Outram, Atomic Energy Research Establish- 


Sabel, 
ment, 9 T™ 104, 105 (1954). 
J7. Pole Shape Design in FFAG Magnets.* S. C. Snowpon 
AND R. S. Curistian, Midwestern Universities Research Asso- 
ciation.—In the design of spiral sector FFAG magnets the 
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desired magnetic field increases along the spiral as r* where r is 
the radius from the center of the machine and k is the mean 
field index. Since k usually is a large number between 10 and 
100, it is necessary to obtain the increase in magnetic field by 
shaping the spiral pole rather than by continually increasing 
the current density. A computer program UNICYL has been 
developed to obtain the magnetostatic potential and fields 
from an integral scaling FFAG magnet structure employing 
distributed windings. In particular the program searches for a 
surface of constant potential which, apart from saturation 
effects, may be used to shape the pole faces. In connection 
with the fabrication of a 14-ton spiral sector model magnet, 
a decomposition of the surface into a sequence of contours 
has been arranged so that numerically controlled milling 
operations can be used to produce the desired pole. The basis 
of the magnetostatic calculation program and the resulting 
potential surface will be discussed. 


* Supported by the U. S. Atomic Energy Commission 


J8. Axial Motion Behavior in the Resonant Extraction of 
Cyclotron Beams.* H. G. BiossER anp M. M. Gorpon, 
Michigan State University—The nonlinear 3/3 resonance 
driven by a suitable field bump is indicated by computational 
studies to be a precise and economical mechanism for accom- 
plishing extraction of the beam from a three sector medium 
energy cyclotron.' In such a system the resonance is utilized 
to excite large coherent radial oscillations of the cyclotron 
beam. An often encountered source of difficulty arises from 
the marked tendency of the axial focusing frequency to shift 
to the 2v,=yv, resonance as the radial amplitude builds up. 
As an aid to understanding and control of this axial frequency 
shift, a study has been made of the field features determining 
the axial focusing of the extraction orbits. Since these orbits 
move for a substantial fraction of their circumference in 
regions of the field not crossed by normal orbits, field changes 
necessary to bring the axial frequency into the desired range 
can be accomplished without appreciably affecting the prop- 
erties of orbits in the normal acceleration region. Results for 
several types of such field modifications will be presented. 


S. Atomic Energy Commission. 


* fa ge in part by U. 
Blosser and M. M. Gordon, Midwestern Universities Research 


pit. b, Rept. 593 (unpublished); Bull. Am. Phys. Soc. 6, 9 (1961). 


J9. FFAG Accelerator with Cryogenic Air-Core Magnet.* 
Cyrit D. Curtis, Midwestern Universities Research Associa- 
tion.—The air-core magnet of a radial sector FFAG accelerator 
has field-producing coils whose current density contours for 
minimizing cost of power plus construction form in cross sec- 
tion, a family of nesting circles. A comparison between 15-Be\ 
accelerators with cryogenic coils of copper, aluminum, and 
sodium and with iron magnets shows the possibility of savings 
in total power consumption and in over-all accelerator con- 
struction cost for air-core magnets. A formula for a two-way 
accelerator which includes cost of construction and cost of 
power for a specified lifetime of accelerator operation is given 
as a function of accelerator radius and other parameters 
Coupled to this is a restrictive equation imposed by the maxi- 
mum field gradient permissible. From this formula the opti- 
mum radius giving minimum cost appropriate for a particular 
magnet material can be determined. Curves of accelerator 
cost vs radius are presented. Retention of radiation damage 
to the coils at very low temperatures raises doubt about the 
usefulness of such an accelerator for high-average current 
beams (~30 ya). Examination of this problem suggests, how- 
ever, that the time interval permitted before necessary coil 
annealing need not be prohibitively short. 

* Supported by the U. S. Atomic Energy Commission. 


Invited Paper 
Ji0. The Brookhaven Alternate-Gradient Synchrotron. K. GREEN, Brookhaven National Laboratory. 
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JAI. Statistical Dynamics of Cubic Lattices and Kramer’s Equation. R. J. Rusin, National Bureau 


of Standards. (30 min.) 


JA2. Dynamical Theory of Disordered Lattices. A. A. MARADUDIN, Westinghouse Research Labora- 


tory. (30 min.) 


JA3. Lattice Anharmonicity and Optical Absorption in Polar Crystals. R. F. Wats, U. S. Naval 


Research Laboratory. (30 min.) 
JA4. Electron Scattering in Strong Magnetic 
(30 min.) 


Fields. A. Kaun, National Bureau of Standards. 


TUESDAY MORNING AT 9:45 


Burgundy Room 


(J. S. ToL. presiding) 


Theory III: Dispersion Relations and Quantum Electrodynamics 


JB1. Subtractions in Dispersion Relations.* Masao SuGa- 
WARA AND AKIRA KANAZAWA,t Purdue University.—In order 
te further clarify the subject of subtractions in dispersion 
relations, the following theorem has been proved: Let f(z) be 
analytic except for some poles and cuts (extending to + #) on 
the real axis and diverging not worse than 2%, where N is a 
finite positive integer, as |s|—> ©. Suppose f(x)/x", where 
x is real and n is zero or a positive integer, has a finite limit 
as x goes to infinity along one of the cuts. We can then show 
that f(z)/z" has also a finite limit as |z|—> © which is the same 
as or the complex conjugate of the limit of f(x)/x", depending 
upcn how we approach the limit. This theorem allows us to 
write down dispersion relations with the minimum number of 
subtractions when the behavior of the amplitude is known at 
infinity along one of the cuts. We apply this theorem to forward 
and double dispersion relations for pion-nucleon scattering, 
assuming that the total cross section approaches a finite limit 
as the energy goes to infinity. The double dispersion relations 
are simpler than those conjectured by Mandelstam’ on the 
basis of perturbation theory. 

* Supported by the National Science Foundation. 


¢ On leave from Hokkaido University, Sapporo, Japan. 
1S. Mandelstam, Phys. Rev. 115, 1741 (1959). 


JB2. Impulse Approximation and the Construction of Wave 
Functions. R. E. Curkosky, Carnegie Institute of Technology. 
—There are many different formal ways of constructing a 
Schrédinger-like equation from dispersion relations, which lead 
to essentially the same result in the nonrelativistic limit. The 
most satisfactory method will be the way which leads to a 
wave function which is particularly useful for correlating 
different kinds of experimental results. Now, it is well known 
that the impulse approximation is a good first approximation 
in many problems. The important feature of the impulse 
approximation is that the properties of the probe and of the 
system being studied can be separated, with the latter being 
represented by its wave function. This suggests that we should 
define ‘‘wave functions’ by means of idealized experiments for 
which the impulse approximation is exact. This leads to a 
definition based on a systematic elimination of explicit refer- 
ence to anomalous thresholds in the dispersion theory analysis 
of the impulse approximation. 


JB3. Pion-Hyperon Resonances and the Relative =-A 
Parity. Ricuarp H. Capps, Northwestern University.—The 
various scattering and reaction amplitudes among the particle 
pairs Ax, x, and KN in states of total angular momentum } 
are considered, under the assumption that the intrinsic parity 
of the A is opposite to that of the = and of the KN pair. The 
effects of the poles associated with real (positive energy) 
baryons are investigated, using the matrix N/D method of 
Bjorken.'! Several possible pion-hyperon resonances are dis- 
cussed. Consideration is also given to the j=} states; it is 
shown that measurements of the angular distribution of the 
up-down asymmetry in the decay of =* particles produced in 
the reaction K~+p— x~+2Z* by K~ mesons of momentum 
in the range 200-400 Mev/c wouid provide a clue to the 
relative parity of the = and A. 


1 J. D. Bjorken, Phys. Rev. Letters 4, 473 (1960). 


JB4. Theory of xN Scattering in the Strip Approximation 
to the Mandelstam Representation.* ViRENDRA SINGH? AND 
B. M. UpGonxak,} Lawrence Radiation Laboratory, Berkeley.— 
The strip approximation to the Mandelstam representation is 
applied to the xN problem, and the basic equations given. The 
asymptotic behavior of the invariant amplitudes in the physi- 
cal regions is discussed in terms of the unitarity condition on 
partial-wave amplitudes, the constancy of high-energy scatter- 
ing cross sections, and the Pomeranchuk theorem. It is shown 
that this behavior implies that no subtractions should be 
necessary except in the J=4 wave of the +N channel and the 
J =0 wave of the rx —> NN channel. This obviates the diffi- 
culties encountered by earlier workers when they subtracted 
higher waves. 

* Work done under the auspices of the U. 3. Atomic Energy Commission. 
t On deputation from Tata Institute of Fundamental Research, Bombay, 


India. 
t On deputation from Atomic Energy Establishment, Trombay, India. 


JBS. Theory of the High Energy f-p Total Cross Section. 
CHARLES J. GOEBEL, Institute for Advanced Study.—The 
Mandelstam dispersion representation, if only the two-meson- 
exchange “‘box’’ diagrams of the spectral function are kept, 
provides an ‘‘on-the-mass-shell Williams-Weizsacker approx- 
imation” for the calculation of absorptive amplitudes. It has the 
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usual advantages of an on-the-mass-shell formalism; it also 
allows a simple decomposition into partial waves, so that 
unitarity limits (important for strongly interacting particles) 
can be explicitly satisfied. As an example, the high energy p-p 
total cross section (+40 mb) has been calculated, using the 
x-p cross section (+30 mb). By making an additional approxi- 
mation which amounts to the (absurd) assumption that the 
x-p interaction is zero ranged, the result is only 17 mb. But in 
the ‘“‘Mandelstam-W-W’"’ formula it is explicit that the longer 
the range of the x- interaction, the larger will be the cross 
section for the peripheral p-p interactions, which agrees with 
the intuition. It then follows that a significant proportion of 
high energy p-p interactions take place through the exchange 
of a “chain-of-pions’; further implications of this will be 
described. 


JB6. On the Spectral Functions of Some Feyman Diagrams 
in K-—>3x Decay. C. Kacser,* Princeton University, AND 
G. Barton,t Institute for Advanced Study.—We examine in 
perturbation theory the discontinuities across the branch cuts 
arising from the first few diagrams in an attempt to disentangle 
effects depending on the K mass from those of the rz inter- 
action. For instance, in the vertex-type diagrams, when the 
mass parameter \ of the internal double pion line lies in the 
range M?—y?<2\?<2(M-—un)?, an additional, anomalous, 
branch point appears above the normal threshold. This 
happens only when the K is unstable. On integrating over \ 
this anomalous branch point moves down to the normal 
threshold at s=4y?, but may nevertheless affect the discon- 
tinuity across the cut. 

* Supported in part by the U. S. Air Force Office of Scientific Research, 


Air Research and Development Command. 
t Supported by a grant to the Institute from the National Science 


Foundation. 


JB7. Proton Compton Scattering at High Energy. A. P. 
Contocouris, Cornell University.—The cross section and the 
angular distribution for Compton scattering on protons is 
calculated at various energies in the region of and above the 
peak corresponding to the 3-3 pion-nucleon resonance. For 
this, the use of a set of approximate dispersion relations for 
the scattering amplitudes is discussed and justified. [t is shown 
that the recent experimental data! up to 420-Mev photon 
laboratory energy can be well accounted by the Low diagram? 
and the contributions to single pion photoproduction in the 
s- and the first two resonant states. The effect of small ad- 
mixtures of electric quadrupole in the radiation producing 
the first photopion resonance is also examined; it is shown to 
improve the angular distributions significantly. 

1j. De-Wire, M. Feldman, and R. Littauer, Bull. Am. Phys. Soc. 4, 253 


(1959), and private communication. 
2G. F. Chew, 1958 Annual International Conference on High-Energy 


Physics at CERN, p. 98. 


. Small-Angle Coulomb Scattering. R. H. Pratt AND 
S. D. DRELL, Stanford University —The low momentum trans- 
fer region of strong interaction processes may be discussed in 
terms of one-pion-exchange graphs. This success of ‘‘extrzpola- 
tion to poles” suggests, as an extension, “extrapolation to 
cuts” corresponding to low-mass intermediate states contain- 
ing two or more particles. We find that this extrapolation may 
be performed in the case of electromagnetic interactions, 
owing to the vanishing photon mass, which also causes the 
one-photon pole and the threshold of the many-photon cuts to 
coincide. For small-angle scattering of relativistic electrons in a 
pure Coulomb field (sin’#/2)(do/dQ) =ay+a; sing/2+- 
where do is given precisely by the one-photon pole and a, 
(obtained exactly to all orders in Zax) comes from the many- 
photon terms. For scattering by finite nuclei, we further find 
that, for fixed momentum transfer, the ratio of second to 
first Born approximation decreases as (energy) at high 
energies. Simple approximations are given for determining 
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charge form factors of intermediate Z nuclei by electron anc 
positron scattering. 


JB9. Pion Production in Electron-Positron Collisions.* 
FRANK CuILTON, University of Washington.—Electron-positron 
colliding beams offer the possibility of studying certain strongly 
interacting particles without the presence of other strongly 
interacting particles. Pion production is particularly interest- 
ing because of the presumably fundamental role of the pion in 
strong interactions. Charge conjugation invariance, in addition 
to the usual symmetries of rotational invariance, etc., permits 
the complete classification of the initial electron-positron 
states, just as for positronium. However, in these high energy 
processes the states are more conveniently determined as states 
of definite helicity and total angular momentum. Various 
selection rules governing pion production in electron-positron 
collisions are obtained. The cross sections for the reactions 
et+te-— Wty, ette~ > et +e-4+-7", and e*+ 
are calculated. The photon spectrum in the reaction 
et++e- — xt++2~ +7 is also calculated. Consideration is given 
to some of the possible effects of strong interactions. 


e@ —>ar'+nr 


* Supported in part by the U. S. Atomic E nergy Cor nmission. Most of 
this work was done while the author was a National Science Foundati 
Predoctoral Fellow at the University of Chicago; a version was submitte: ‘d 
as a thesis to the faculty of the University of Chicago 


JB10. Photon Asymmetry in Bremstrahlung of Trans- 
versely Polarized Electrons. E. SopoLak AND P. STEHLE, 
University of Pittsburgh.—There is a left-right asymmetry in 
the emission of photons by transversely polarized electrons 
analogous to the left-right asymmetry in Mott scattering. The 
magnitude of this effect has been calculated in Born approxi- 
mation, where it appears in the matrix elements of order Z%e°. 
Principal contributions come from Feynman diagrams with 
the photon emitted before or after both Coulomb interactions. 
The diagram with the photon emitted between the two Cou- 
lomb interactions contributes asymmetric terms (v/c)? relative 
to the others, and involves integrals which are much more 
difficult to evaluate and which have been neglected. It appears 
impractical to integrate the resulting cross section over elec- 
tron momentum analytically. The results for forward electron 
momentum are evaluated in detail. The dominant terms in the 
asymmetry are proportional to (p-s), where p-s is the mo 
mentum charge of the electron. 


JB11. Corrections to Hyperfine Structure in Hydrogen.* 
Morton M. STERNHEIM, Columbia University.—The a*m/M 
corrections to the ratio of the hyperfine structure (hfs) of the 
1s and 2s states of atomic hydrogen have been evaluated using 
the Bethe-Salpeter equation. The theoretical value for the 
ground state hfs, which apparently disagrees with the meas- 
ured frequency,! depends upon proton form factors and is 
very laborious to compute for terms smaller than a*(hfs) or 
a?(m/M) (hfs). The ratio is much simpler to calculate and does 
not depend upon nucleon structure effects. All the a’m/M 
terms may in fact be found by adding the proton’s nonrela- 
tivistic kinetic energy »?/2M and the effects of its Dirac and 
Pauli moments to the Dirac equation for the electron. In units 
of 10-*, they contribute —0.13 to R=(8v2,/v;,) —1. The total 
theoretical value for R is 34.44+0.02, in good agreement with 
the experimental value 34.49+0.06. 

* This work was started during the tenure of a National Science Founda- 
tion Predoctoral Fellowship artd completed with the support of the theoret- 
ical physics contract of the U. S. Atomic Energy Commission. 


i¢. K. Iddings and P. M. Platzman, Phys. Rev. 113, 192 (1959); 115, 
919 (1959); A. Layzer and D. Zwanziger (private communication). 


JB12. Method of Ostragradsky in Nonrelativistic Elec- 
trodynamics.* M. Schwartz AND RALPH SCHILLER,} Syracuse 
University.—The structure independent electron theory of 
Kramers is a nonrelativistic model for a charged particle in 
interaction with its own and an external electromagnetic field. 
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We have investigated this model in the same electric dipole 
approximation as Kramers did in his original work. We have 
found it possible to formulate Kramers’ problem anew by 
means of a technique due to Ostragradsky which is appropriate 
for Lagrangians which contain time derivatives of an order 
greater than one. However, not all the canonical variables of 
the theory are independent, as is evidenced by the special 
relations (constraints) amongst these variables. A theory with 
constraints may be treated by introducing modified Poisson 
brackets (commutators) due to Dirac. With these modifica- 
tions we have shown that the theory may be given a consistent 
canonical form. Similar constraints appear in Kramers’ formu- 
lation, but he did not deal explicitly with this problem. We 
have also investigated the influence of boundary values and 
initial conditions on the dynamical equations of motion, and 
on the reduction of the canonical variables to an independent 
set. 

* Research supported by Wright Air Development Center. 

ft On leave of absence from Stevens Institute of Technology. 


JB13. Electromagnetic Model for Charged Mesons. E. J. 
STERNGLASS, Westinghouse Research Laboratories.—The rela- 
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tivistic electron-pair model for the «* meson* is extended to 
describe the charged + mesons. When the magnetic moments 
of the particles forming the x° are oriented parallel, a third 
electron may be bound by spin-spin and spin-orbit interactions 
in an orbit of 4% relative to the precessing perehelion frame 
K, defined by the 7 cere.! The intrinsic spin of the orbital 
electron is cancelled by the precessional momentum #/2 of Kp 
resulting in a total angular momentum zero and Bose statistics. 
The total energy is essentially that of the 7° core, (2/a)moc* 
= 274 moc’, since the relativistic precession limits the magnetic 
binding energy of the added electron to a value of order moc*. 
The ground-state orbit has a radius equal to the x-meson 
Compton wavelength, as required by the known range of 
nuclear forces. Since the forces between the orbital electron 
and the core are relatively weak, the orbital electron may be 
shared between mesons of adjacent nucleons, providing a 
physical interpretation for the exchange character of nuclear 
forces. If the x-meson structure loses an angular momentum 
h/2, magnetic binding increases by 4(1/a)moc*®. This results in 
a tightly bound, weakly interacting system of spin #/2 and 
mass $(1/a)my=205.5mo suggestive of the » meson. 


1 E, J. Sternglass, Bull. Am. Phys. Soc. 6, 80 (1961), 


TUESDAY AFTERNOON AT 2:00 


Adams-Hamilton Room 


(WALTER Gorpy presiding) 


Spins, IV 


K1. Electron Spin Resonance of +-Irradiated Single Crys- 
tals of a-Amino Isobutyric Acid, Isobutyramide, and DL 
Valine.t HowarpD SHIELDst AND WALTER Gorpy, Duke Uni- 
versity.—The electron spin resonances of y-irradiated single 
crystals of a-amino isobutyric acid) (CH3)2C(NH2)COOH, 
isobutyramide (CHs;)eCHC(NH:)OH, and DL _ valine 
(CH;)2CHCH(NH2)COGH have been observed at room tem- 
perature. The first two gave the septet patterns characteristic 
of 6 protons with equal and very nearly isotropic couplings of 
23 gauss. The g factor observed for both is only slightly ani- 
sotropic and is close to that for the free electron spin, 2.0023. It 
is concluded that the free radical is (CH;)2CCOOH for iso- 
butyric acid and (CH;)2CC(NH2)OH for isobutyramide. The 
pattern for DL valine is incompletely resolved for most orienta- 
tions, but for H perpendicular to the flat surface of the crystal 
a septet pattern is observed. This pattern, apparently caused 
by 6 equivalent protons of 23-gauss coupling, has a triplet sub- 
structure which is probably caused by N™ coupling of 9 gauss. 
The free radical is believed to be (CH;)2>CCH(NH:2)COOH. 


* Supported by the Office of Scientific Research, U. S. Air Force. 
+t Now in the Department of Physics, Wake Forest College. 


K2. Electron Spin Resonance of H Atoms Produced by 
Irradiation ‘of Substances at 4.2°K.* Harvey N. Rexroapt 
AND WaLTER Gorpy, Duke University ——ESR has been ob- 
served in several substances which were y irradiated directly 
in the microwave cavity at 4.2°K. For dosages less than 10° r, 
strong doublets of H atoms were observed from HF and H:O 
with spacings of 506 gauss and linewidths of about a gauss. 
No H atoms were detected for the same dosage in the related 
substances HCI and HS. Although resonance of H atoms in 
irradiated H,O has been previously detected,! we have ob- 
served an anomaly not reported. The lower field component 
of the H doublet in y-irradiated HO at 4.2°K was found to be 
many times stronger than the upper one, an effect thought to 
arise from an interaction of the H with an unidentified free 


radical having a broad resonance which overlaps the lower 
component and enhances its relaxation.2? No such anomaly 
was observed for the D component in irradiated D,O, but 
surprisingly in this sample (D above 99%) the lower com- 
ponent of H was observed to be an order of magnitude stronger 
than the D components. 

* Supported by the Office of Scientific Research, U. S. Air Force. 

t Now at West Virginia University. 

!L. H. Pictle, R. C. Rempel, H. E. Weaver, and J. M. Flournoy, J. Chem. 
Phys. 30, 1623 (1959). 


? A similar phenomenon discovered for As-doped Si by Honig and Com- 
brisson is treated by G. Feher and E. A. Gere, Phys. Rev. 114, 1245 (1959). 


K3. Electron Spin Resonance Studies on an Irradiated 
Single Crystal of Deuterated DL-Tartaric Acid.* D. V. G. L. 
NARASIMHA RAO AND WALTER Gorpy, Duke University.—The 
ESR spectra of an irradiated single crystal of DL-tartaric 
acid grown from water is found to be quite complex, but the 
spectra of a deuterated single crystal could be analyzed and 
the nature of the free radical ascertained. Measurements were 
made at 9 and at 23 kMc/sec. For some orientations of the 
crystal in the external magnetic field an unresolvea doublet 
with weak satellite lines separated by 5 gauss at 9 kMc/sec 
and 13 gauss at 23 kMc/sec was observed. These satellite 
lines evidently arise from second-order transitions! and are 
very similar to those already reported by us for a single crystal 
of urea oxalate. From the analysis we suggest that the free 
radical is probably, 


O H O 
Mgr fe of 
c—C—-C—C 
Fa 


™ 
OD OD OD 


/ 
DO 


with the unpaired spin on a carbon atom. 


* Supported by the Office of Scientific Research, U. S. Air Force. 
1 I, Miyagawa and W. Gordy, J. Chem. Phys. 32, 255 (1960). 
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K4. Comparisons of the ESR of y-Irradiated Proteins with 
that of Proportional Mixtures of their Amino Acid Consti- 
tuents.* RAYMOND PATTEN AND WALTER Gorpby, Duke Uni- 
versity.—The electron spin resonance of a number of proteins 
has been compared with that of proportional mechanical mix- 
tures of their amino acid constituents, both at 77°K and at 
300°K. The proetins include bovine albumin, ovalbumin, 
chymotrypsinogen, edistin, gliadin, lysozyme, and zein. Gen- 
erally, the proteins give broad, unresolved ESR patterns simi- 
lar to those of their mixed constituents when irradiated and 
observed at 77°K. When warmed to 300°K the proteins give 
patterns more noticeably different from those of their con- 
stituent amino acid mixtures and more like those found in a 
number of other proteins irradiated and observed at room 
temperature. The results support the thesis that at room tem- 
perature radiation damage to proteins does not occur propor- 
tionally in all the different amino acid residue, but occurs 
selectively in certain residue. Also, it appears that as the 
temperature is raised, unpaired electrons produced in different 
parts of the protein at 77°K tend to migrate to the more 
favored sites. 

* Supported by the Office of Scientific Research, U. S. Air Force. 


KS. Electron Spin Resonance of Gamma-lIrradiated Single 
Crystais of Acetylalanine, Chloroacetylalanine, and Acetyl 
L-Glutamic Acid.* Mikio KATAYAMA AND WALTER Gorpy, 
Duke University.—Single crystals of acetyl-, and chloroacetyl-, 
d,l-alanine, and acetyl L-glutamic acid have been gamma 
irradiated and the electron spin resonance of the radiation 
induced free radicals observed for various orientations in the 
magnetic field. The spectra of the former two crystals are 
quartets of intensity ratio 1:3:3:1. The free radical for each 


is shown to have the form 
O 


ef 

R—C—N—C—C 
ETE Oe" 
O H CH; OH 


The ESR of acetyl-Z-glutamic acid is somewhat complicated 
and changes with time. Its analysis is still incomplete. 


* Supported by the U. S. Army Research Office. 


K6. Electron Spin Resonance of +-Irradiated Polypep- 
tides.* RussELL DrREwt AND WALTER Gorpy, Duke University. 
—Electron spin resonance has been observed in 19 y-irradiated 
synthetic polypeptides, including poly-glycine, poly-Z-alanine, 
poly-L-valine, poly-Z-leucine, poly-L-phenylalanine, poly-L- 
proline, poly-L-giutamic acid, poty-L-aspartic acid, and poly- 
L-tyrosine. Studies have been made on powdered samples at 
77°K and 300°K. The effects of air or oxygen on the resonances 
have been observed. The various ESR patterns and oxygen 
effects are compared with those for native proteins. Unlike 
the proteins, the synthetic polypeptides were found to give 
characteristically different ESR patterns when irradiated, 
except that poly-glycine and poly-sarcosine gave similar 
doublets. Of the polypeptides so far investigated, none of 
which contained sulfur, the ESR pattern of poly-glycine (or 
poly-sarcosine) is the only one which is strikingly similar to 
that found in a variety of proteins. We are planning more 
detailed studies on oriented samples of certain of these poly- 
peptides and are attempting to obtain some polypeptides 
which contain sulfur. 


* Supported by the Office of Scientific Research, U. S. Air Force and by 


the Army Research \ 
Lieutenant, U. S. Navy. Supported by the U. S. Naval Postgraduate 


tT 
School, Monterey, California. 


K7. Electron Resonance of a Gamma-Irradiated 
Single Crystal of N-acetyl Methionine.* Exnesto C1IPoLini 
AND WALTER Gorpy, Duke University—The ESR of a y- 
irradiated single crystal of N-acetyl methionine has been 
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investigated at 9 kMc/sec. Patterns from two chemically 
different free radicals were observed. The free radical giving 
the more intense pattern has principal g values 2.008, 2.022, 
and 2.071 and a nearly isotropic doublet splitting of 9 gauss. 
This free radical is believed to be 


-SCH:CH2,CHNHCOCH;, 
| 


COOH 


which is similar in form to that found for L-cystine dihydro- 
chloride! in which the unpaired electron is mainly on the S. 
The second free radical has principal g values 2.9023, 2.0025, 
and 2.0045 and a nearly isotropic and equal coupling by two 
protons of 10.5 gauss. It is believed to have the form 


CH;SCH.CH:—C—NHCOCH;,, 


COOH 


in which the spin density is concentrated on a C. 


* Supported by the Office of Scientific Research, U. S. Air Force 
1Y. Kurita and W. Gordy, J. Chem. Phys. 34, 282 (1961). 


K8. A Cyclotron Resonance Study of Low-Pressure Acety- 
lene-Oxygen Flames, Containing Traces of Chlorine.* P. J. 
PADLEY AND E. M. Butewicz, Duke University (introduced by 
Walter Gordy).—The reaction zones of acetylene flames 
contain anomalously high concentrations of free electrons—up 
to a factor of 10° above equilibrium. At reduced pressure these 
concentrations can conveniently be measured by the method 
of cyclotron resonance. When traces of chlorine gas (of the 
order of 1% of the total gas) are added, a reduction in the 
electron concentration is observed, which can be attributed to 
the formation of the CI~ ion. The flame gases normally contain 
about 10% of the Hz and H atoms, and the total chlorine is 
distributed between HCI and Cl, in accordance with the bal- 
anced reaction Cl+H: — HCI+H; Cl- can then be formed 
by two distinct mechanisms: (1) HCl+e—-H+ClI-, or (2) 
Cl+e+X —CI-+X where X is a third body. The two 
mechanisms lead to widely different values of [CI-]/[e], with 
different dependence on the flame temperature and composi- 
tion. It was shown that the experimental results are consistent 
only with mechanism (1), in agreement with earlier work on 
the formation of the Cl ion in gaseous discharges. 


* Supported by the Office of Scientific Research, U. S. Air Force, and 
by a grant from the California Research Corporation. 


K9. Correlation of Anomalous Line-Reversal Measure- 
ments of Temperature with Excess Electron Concentrations 
in Acetylene-Oxygen Flames.* E. M. BuLewicz anp P. J. 
PaDLEy, Duke University (introduced by Walter Gordy).— 
Line-reversal measurements, made on the spectral lines of 
various metal additives, in the reaction zone of premixed 
hydrocarbon-oxygen-diluent flames often give rise to tempera- 
tures considerably above those expected on the basis of full 
thermodynamic equilibrium of the burnt gases. Line intensities 
of the Fe 4050 A (nonresonance) group [produced by additon 
of Fe(CO)s] were measured as a function of preburned flame 
gas composition (A varying from 0.35 to 2.6) in acetylene- 
oxygen mixtures burning at 10-30 mm pressure. The technique 
of cyclotron resonance was used to measure, in these same 
flames, the anomalously high electron concentrations known 
to exist in the reaction zone—for these purposes, convenient 
absorption was found to take place, with 48-kMc/sec radia- 
tion, at a magnetic field strength of 17000 gauss. When 
quenching is taken into consideration, 2 good correlation be- 
tween these two effects can be obtained, even when the pre- 
burned gases are suitably diluted with argon or hydrogen, or 
when the pressure is varied from 10 mm Hg to 1 atm. A scheme 
is proposed to account for these observations. 


* Supported by the Office of Scientific Research, U. S. Air Force. 
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Continental Room 


(IX. L. DUNNING presiding) 


Nuclear Reactions, IV 


KAl1. Level Structure of Na*™‘ from the (d,p) Reaction.* 
C. Daum,t The University of Michigan.—The level structure 
of Na™ up to an excitation of approximately 8 Mev has been 
obtained using the magnetic-analysis instrumentation associ- 
ated with the Michigan 42-in. cyclotron by observing the 
energy and angular distributions of the proton groups in the 
reaction Na**(d,p)Na™“ at a deuteron energy of 7.8 Mev. 
Although the spectrum is in good agreement with earlier work,! 
some new levels have been found, and values of /, have been 
obtained for levels not previously resolved. The interpretation 
of the level scheme of Na™, an odd-odd nucleus, will be dis- 
cussed in terms of the rotational model. 


* This work was supported in part by the U. S. Atomic Energy 


Commission. 

+ On leave from the Institute for Nuclear Physics Research, Amsterdam, 
The Netherlands. 

1A, Sperduto and W. W. Buechner, Phys. Rev. 88, 574 (1952); A. W. 
Dalton, G. Parry, and H. D. Scott, (to be yh and F. A. EI Bedewi 
and M. A. El Wahab, Nuclear Phys. 21, 49 (1960). 


KA2. Level Structure of the Magnesium Isotopes.* W. C. 
PaRKINSON, The University of Michigan.—The spectra of the 
three isotopes Mg**, Mg**, and Mg?’ have been obtained to an 
excitation energy of approximately 6 Mev by means of the 
(d,p) reaction using the magnetic analysis system associated 
with the Michigan 42-in. cyclotron at a deuteron energy of 
7.8 Mev. Measurements of the angular distributions of the 
proton groups and of the reduced widths determine the parity 
and in some cases the spins of the levels. The interpretation of 
the level structure of Mg* in terms of the rotational model is 
well known.! Mg?’, also an even-odd nucleus, will be discussed 
in the light of the data available. 


* Supported in part by the U. S. Atomic Energy Commission. 
1 Litherland e¢ al., Can. J. Phys. 36, 378 (1958). 


KA3. Level Structure of Al* from the (d,p) Reaction.* 
R. S. TICKLE AND K. T. HEcut, The University of Michigan.— 
The properties of a number of the energy levels below 7 Mev 
in the nucleus Al** have been investigated using the reaction 
Al? (d,p) Al*® at an incident deuteron energy of 7.8 Mev. 
Angular distributions have been measured between the labora- 
tory angles 0° and 90° using the magnetic-analysis instru- 
mentation associated with the Michigan 42-in. cyclotron. 
Where applicable, / values have been determined. A summary 
of the presently available information on the level structure 
of Al**, an odd-odd nucleus, will be presented, including 
comments on its theoretical interpretation. 


* Supported in part by the U. S. Atomic Energy Commission. 


KA4. Level Structure of P**? from the (d,p) Reaction.* 
T. HOLTEBEKK,t The University of Michigan.—The energy 
spectrum and the angular distributions of the proton groups 
leading to excited levels in P*® up to approximately 5 Mev 
have been measured using the magnetic analysis instrumenta- 
tion associated with the Michigan 42-in. cyclotron. The data 
are in good agreement with earlier measurements.' A level 
previously unreported is found at an excitation energy of 
1.51 Mev, and severa! / values not previously reported have 
been determined. The interpretation of the level scheme of 
P®2, an odd-odd nucleus, will be discussed. 

* This work supported in part by the U. S. Atomic Energy Commission. 

t On leave from the University of “a Norway. 

1D. Paraino, C. H. Paris, and W. Buechner, +7 Rev. 119, 732 


(1960); W. C. Parkinson, Phys. Rev. he. 485 (1958); W. Dalton, S. 
Hinds, and G. Parry, Proc. Phys. Soc. (London) A70, ise (1957). 


KAS. Level Structure of S* and S** from the (d,p) Re- 
action.* JOACHIM JANECKE,{ The University of Michigan.— 
The spectra for S* and S* have been obtained at 30° by means 
of the (d,p) reaction using the magnetic-analysis instrumenta- 
tion associated with the Michigan 42-in. cyclotron. Targets of 
CdS were bombarded with 7.8-Mev deuterons. The results 
are in good agreement with the earlier work of Endt and Paris.! 
Angular distributions of the proton groups and relative re- 
duced widths have been determined for levels up to about 
5-Mev excitation and extend earlier measurements.? The level 
schemes of S* and S*, both even-odd nuclei, will be discussed. 


*This work was supported in part by the U. S. Atomic Energy 
Commission. 

t+ On leave trom Max-Planck Institute, Heidelberg. 

iP, M, Endt and C. H. Paris, Phys. Rev. 110, 89 (1958). 

2T. R. Holt and T. N. Marsham, Proc. Phys. Soc. (London) A66, 467 
(1953); and R. Middleton (private communication). 


KA6. Deuteron Elastic Scattering Cross Sections.* JoHN 
Barpwick, R. S. TicKLE, anD W. C. Parkinson, The Uni- 
versity of Michigan.—The deuteron differential elastic scat- 
tering cross-sections for a variety of elements have been meas- 
ured using the 7.8-Mev deuteron beam of the Michigan 42-in. 
cyclotron. Measurements were made at angles from 30° to 
95° and in some cases from 0 to 95°. Results for Be, Mg, Al, 
Cl, S, Ni, and Au will be compared with the theoretical results 
obtained at Oak Ridge. 

*This work was supported in part by the U. 


Commission. 
1G. R. Satchler (private communication). 


S. Atomic Energy 


KA7. Elastic Scattering of Protons by Argon-36.* C. C. 
Kimt anp A. C. L. Barnarp,} State University of Towa.— 
Absolute differential cross sections for the elastic scattering of 
protons by A** have been measured for laboratory proton 
energies from 1.0 to 1.8 Mev at a center-of-mass angie of 
15£.4°. The cross sections are equal to the Rutherford value 
except in an anomalous region near E,=1.494 Mev, corre- 
sponding to a level in K*’ with 3.34-Mev excitation. Cross 
sections were measured as a function of energy at angles 
Oem =90.0°, 125.3°, and 160.1°, and an angular distribution 
was taken at the resonance energy. The data were analyzed 
using dispersion theory and jx=4 was assigned to the K*” 
state. 


* Supported in part by the U. S. Atomic Energy Commission. 
+ Now at the University of Southern California, Los Angeles, California. 
tT Now at Rice University, Houston, Texas. 


KA8. Neutron Yield Anomaly Near Threshold for the Re- 
action Cl*’(p,n)A*"* 1.46 Mev.{ A. C. L. Barnarp, G. S. Mant, 
AND P. D. Forsytu, Rice University—A sodium chloride 
target (~100 kev thick to 2 Mev protons) was bombarded 
with protons in the energy range 1.6<E,<4.1 Mev, and yields 
of neutrons averaged over an energy interval equal to the 
target thickness were measured. The yields of neutrons from 
the reaction Cl*"(p,n) leaving A*®’ in its first excited state 
(E,=1.46 Mev) were separated from the yields of neutrons 
to the A*’ ground state by using sphere counters.! The averaged 
yield of excited-state neutrons shows broad maxima near 
thresholds very similar to those reported in the yield of 
ground-state neutrons.* 


the U. S. Atomic Energy Commission. 


t } Supported in ri b 
wing, and T. W. Bonner, Nuclear Instr. & Methods 


ramblett, 
9, 1 a 


960). 
G. S. Mani, A. C. L. Barnard, T. A. Tombrello, and D. A. A, S. N. Rao, 
Bull ‘Am, Phys. Soc. 6, 38 (1961). 
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KA9. Level Structure of A“! from the A‘°(d,p)A“ Reaction.* 
E. Kasay, A. M. HooGensoom,t anp W. W. BUECHNER, 
M.I.T.—The energy-level structure of A“ has been investi- 
gated by bombarding argon gas with 7.5-Mev deuterons using 
the M. I. T.-O. N. R. Van de Graaff accelerator, and measuring 
the energy spectrum and angular distribution of the reaction 
protons. The argon target was contained in a small rotating gas 
cell with thin Formvar windows. Thirty-four levels were ob- 
served up to 5.1-Mev excitation energy, including a low-lying 
level at 0.171 Mev. Results of the stripping analysis will be 
shown, and shell-model description of some of the levels will 
be discussed. 


* This work has been supported in part by the U. S. Atomic Energy 
Commission, the Office of Naval Research, and the U. S. Air Force Office 
of Scientific Research. 

t Now at Philips’ Gloeilampenfabrieken, Institute for Nuclear Research, 
Amsterdam, Holland, 


KA10. Reaction Cross Sections for Several Nuclides with 
10-Mev Protons.* J. WinGc anv J. R. HuizeEnGca, Argonne 
National Laboratory.—Excitation functions for the reactions 
Cr®(p,n)Mnet8™, Cu%(p,n)Zn®, Cu(p,n)Zn*, Ag™(p,n)- 
Cd®?, Ag®™(p,)Cdi, Cd"1(p,n)In™!, Cd™(p,n)In™4eH4™ and 
La!(p,n)Ce!™ have been measured by the stacked-foil tech- 
nique with protons from the Argonne cyclotron of 10.6-Mev 
initial energy. The (p,”) cross sections are a good estimate of 
the total reaction cross sections at the lower energies and for 
Ag, Cd, and La targets this is true for proton energies up to 
about 10 Mev. For other targets, cross sections of competing 
reactions such as (p,p’) and (p,) are added to the (p,n) cross 
sections in obtaining the total reaction cross sections. The 
experimental reaction cross sections will be compared with 
those obtained from optical model calculations with param- 
eters that fit proton elastic scattering and polarization meas- 
urements. Our (p,m) cross sections on the copper isotopes at 
9.85 Mev are considerably smaller than those recently re- 
ported; for example, 550 mb for Cu® compared to 700 mb. 

* Based on work performed under the auspices of the U. S. Atomic Energy 


Commission. 
1R. D. Albert and L. F. Hansen, Phys. Rev. Letters 6, 13 (1961). 


KAI11. Energy Levels of Cr®?.* R. R. Witson, A. A. Bart- 
LETT, J. J. Krauswaar, J. D. McCuLien, anp Ropert A. 
RISTENEN, University of Colorado.—The Cr* energy levels 
have been investigated by studying the decay of Mn® with a 
v2r double-focusing beta-ray spectrometer and with sodium- 
iodide scintillation counters in coincidence. The spectrometer 
studies using both internal and external conversion indicated 
the energies of the three principal gamma rays to be 
1432.4+1.2, 934.34+1.1, and 743.340.8 kev. The scintillation 
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studies indicated that the following gamma rays are in coin- 
cidence with the 1.43-Mev transition : 0.93 (70%), 0.74 (70%), 
1.33 (5%), and 1.26 Mev (5%) along with 0.51 Mev (50%) 
annihilation quanta. Other weak transitions are as yet un- 
certain. The 1.33-Mev gamma ray appears to be a transition 
from the 2.77- to the 1.43-Mev levels and the 1.26-Mev gamma 
ray a transition from a new level at 3.62 Mev to the 2.37-Mev 
level. The results of the beta-ray spectrometer intensity studies 
are consistent with those of the scintillation studes. 


* Supported in part by the U. S. Atomic Energy Commission and the 
National Science Foundation. 


KA12. Inelastic Scattering of Protons at 40 Mev. I.* 
Norton M. Hintz, L. L. LEE, Jr., AND TANNIE STOVALL, 
University of Minnesota.—A 40-in. radius, 180-deg, double- 
focusing magnetic spectrometer has been constructed to study 
reaction products from 10-, 40-, and 68-Mev protons from the 
Minnesota Linear Accelerator. A brief description of the design 
and preliminary performance data for the spectrometer will be 
presented. To facilitate data taking, a 10-unit scintillation 
detector has been installed in the focal plane. Twenty momen- 
tum intervals can be observed simultaneously by placing ab- 
sorbers over half of each scintillator and observing the pulse 
height in each detector. The data are recorded in a fast, 
transistorized 20-channel discriminator.! Data will be shown 
for angular distributions of inelastic proton scattering to the 
first excited states of CC (Q=-—4.43 Mev), and Mg™ 
(Q=—1.37 Mev). 


* Supported in part by the U. S. Atomic Energy Commission. 
1 Designed by Dr. C. J. Candy. 


KAI13. Inelastic Scattering of Protons at 40 Mev. II.* 
L. L. LEE, Jr., Norton M. Hintz, C. D. KAVALOSKI, AND 
TANNIE STOVALL, University of Minnesota.—A program has 
been initiated to study the inelastic excitation of low-lying 
states in various nuclei, using the 40-in. magnetic spectrometer 
and multichannel detector described in the previous abstract. 
Data will be presented for the angular distributions of the 
first 2+ state and the strongly excited 3 — octupole vibrational 
state in Ni®*, Ni®, Fe5*, and other isotopes now being studied. 
These angular distributions show that the Blair inelastic- 
diffraction scattering approximation! is not valid for protons. 
The results seem to confirm the recent suggestion of Krom- 
minga and McCarthy? that the small-angle behavior of the 
inelastic cross section might reveal the parity of the state. 


5 pepoareed in part by the U. S. Atomic Energy Commission. 
1J. S. Blair, Phys. Rev. 115, 928 (1959). 
2A. J. Kromminga and I. E. McCarthy, Phys. Rev. Letters 6, 62 (1961). 


TuEspDAY AFTERNOON AT 2:00 
Cotillion Room, South 
(J. E. Evans presiding) 


Cold-Neutron Scattering and Solid-State Physics 


Ll. Neutron Optics Research Facility at Livermore Pool 
Type Reactor.* W. C. Dickinson, L. PassELL, AND O. HAL- 
PERN,{ Lawrence Radiation Laboratory, Livermore.—The ex- 
perimental facility for the performance of high-precision neu- 
tron optics experiments is described. The first experiment 
completed was a precision determination of the neutron-proton 
coherent scattering amplitude by mirror reflection. Sources of 
error in neutron optics measurements are discussed, including 
influence of incoherent scattering on reflectivity, effect of 
angular beam spread on average angle of reflection, effect of 


vapor or air above a reflecting liquid surface on the effective 
index of refraction, attenuation of the beam by vapor, and 
effect ot neutron-electron interaction. The plans for measure- 
ment of several other neutron coherent scattering amplitudes 
are discussed. Such data are important in the understanding 
of nuclear phenomena and magnetic neutron scattering, and 
for an improved measurement of the neutron-electron inter- 
action. A new comparison method for measuring scattering 
amplitudes is described, using liquids with indices of refraction 
greater than unity so that there is no total reflection. This 
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means that a precise knowledge of the long-wavelength neutron 
spectrum is not necessary. Also described is an experiment to 
confirm the predicted effect of incoherent scattering and/or 
absorption on the reflectivity. 


* Work done under auspices of the U. S. Atomic Energy Commission. 
t Consultant to Lawrence Radiation Laboratory, Livermore. 


L2. Renninger Scattering in Single-Crystal Neutron Dif- 
fraction.* R. M. Moon, Lincoln Laboratory,t AND C. G. SHULL, 
M.I.T.—Intensity variations as great as 50% have been 
observed in strong neutron diffraction peaks from single 
crystals of iron arising from Renninger scattering, i.e., simul- 
taneous Bragg reflection from two or more sets of planes. 
These variations are observed by rotating the crystal about an 
axis normal to a primary set of reflecting planes. When the 
geometry is such that Bragg reflection is possible from another 
set of planes, the intensity of the primary reflection increases 
or decreases by an amount which is strongly dependent on the 
sample geometry. An approximate theory, valid in the limit 
of low extinction and negligible absorption, gives fair agree- 
ment with the magnitude of the observed variations. Charts 
giving the azimuthal angles at which simultaneous reflections 
occur for a given primary reflection are in preparation for the 
body-centered and face-centered cubic lattices. Experimental 
procedures for avoiding or minimizing this effect are suggested. 

* Research supported by National Science Foundation. 


t Operated with the support of the U. S. Army, Navy, and Air Force. 
1M, Renninger, Z. Physik 106, 141 (1937). 


L3. Design of Rotating Shutters for Cold-Neutron Experi- 
ments.* K. OTNES AND H. PaLevsky, Brookhaven National 
Laboratory.—New and more refined cold-neutron experiments 
are made possible through the development of high-flux re- 
actors. In general these experiments require an incident beam 
of monochromatic cold neutrons, and a scheme for measuring 
the energy of the scattered neutrons. In preparation for per- 
forming such experiments at the new high-flux Brookhaven 
reactor we have been comparing various rotating-shutter de- 
vices that perform the above functions. Expressions for trans- 
mission, burst time, and velocity resolution have been ob- 
tained. These allow a comparison of the various systems to 
be made. The method of calculation and the results in terms 
of working curves for aid in design consideration will be 
presented. 


* Work carried out under the auspices of the U. S. Atomic Energy 
Commission. 


L4. Crystal Dynamics of Sodium by Neutron Spectrometry. 
A. D. B. Woops, B. N. BrockHousE, AND R. H. Marcu, 
Chalk River Laboratories, AND RAYMOND BoweErs,* Cornell 
University.—The frequency/wave number dispersion relations 
for the lattice vibrations in bcc sodium at 90°K have been 
measured for the [005], [¢¢0], [¢¢¢], [os1] and [445] sym- 
metric directions, as well as at several general positions in 
reciprocal space. Frequencies of some special modes (units 
10 cps) are: [0,0,1], 3.58+0.05 (L and T degenerate by 
symmetry); [4,4,3], 2.89+0.05 (also degenerate); [4,4,0]Z, 
3.80+0.1; [4,4,0]7:, 0.90+0.04; [4,3,0]7T2, 2.56+0.05. The 
results agree fairly well with basic calculations by Toya.'! 
Fourier analysis indicates that, for a Born-von K4arman-type 
fit to the data, forces out to at least fourth neighbors are re- 
quired. At higher temperatures (210°K and 296°K) the neu- 
tron groups show broadening qualitatively similar to that 
observed in lead [Bull. Am. Phys. Soc. 5, 39, 199 (1960) ], 
suggesting very short lifetimes for phonons at these tempera- 
tures. At 296°K frequencies of the above special modes are: 
[0,0,1], 3.28+0.1; [4,4,3], 2.72+0.06; [4,4,0]Z, 3.68+0.1; 
[4,4,0]7:, 0.91+0.06; [4,3,0]7T2, 2.30+0.05. 


* Part of this work supported by U. S. Atomic Energy Commission. 
1T. Toya, J. Research Inst. Catalysis Hokkaido Univ. 6, 183 (1958). 
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LS. Calculation of Intensity Variations in Crystalline Bragg 
Scattering Due to Secondary Scattering.* R. I. SCHERMER, 
M.I.T.¢ (introduced by G. Brownell).—Sharp variations in 
intensity diffracted by single crystals have been observed by a 
number of experimenters, and have been attributed to second- 
ary or multiple Bragg scattering in the crystal. Several authors 
have shown how the secondary planes responsible for the indi- 
vidual variations may be indexed. Renninger' has exhibited the 
intensity calculation for the case of one secondary beam, with 
both primary and secondary beams transmitted through the 
crystal, and with no absorption. The introduction of absorp- 
tion, or of reflected beams, complicates the problem. Here, the 
equations are derived for nm beams moving in arbitrary direc- 
tions in a large slab of absorbing crystal, using the same mosaic 
model as is usually applied to the treatment of secondary 
extinction. The equations are solved by Laplace transform 
methods, in an approximation in which interaction between 
the secondary beams is neglected. The system properties are 
discussed in terms of an electrical analog. Results will be 
presented for the variation of the effect with thickness and sys- 
tem parameters, and for the shape of the observed variations. 

* Work supported by the Rockefeller Foundation and the U. S. Atomic 
Energy Commission. 


+ Current address: Brookhaven National Labor .tory, Upton, New York. 
1M. Renninger, Z. Physik 106, 141 (1937). 


L6. Proton Motion in Hydrogenous Compounds by Slow- 
Neutron Scattering Cross Sections.* J. J. Rusu, T. I. TayLor, 
AND W. W. Havens, Columbia University and Brookhaven 
National Laboratory.—Slow-neutron cross sections have been 
ebtained from 0.0007 to 2 ev for several hydrogenous poly- 
crystalline compounds to extend the measurements previously 
reported.! Cross-section vs temperature curves for NH,Cl and 
NH,I have been obtained from —80° to +23°C at a neutron 
energy of 0.001 ev. In this temperature range these compounds 
undergo several crystal phase changes. A sudden increase in 
cross section is observed for NH,I at ~—5°C, which is con- 
sidered to be due to a first-order phase transition above which 
the ammonium ion is relatively free to rotate around a single 
axis. Curves of scattering cross section per proton vs neutron 
wavelength for NH,I above and below the transition give 
slopes in the long wavelength region of 11 b/A-H and 6b/A-H,} 
indicating much greater freedom of motion for the ammonium 
ion in the high-temperature phase. Cross-section data will also 
be presented for KH2PO,, NH«ClOy, and (NH,)2CrO,. The 
slope of the KDP curve at long wavelengths (1 b/A-H) indi- 
cates extremely tight binding for the protons in this compound. 
The cross section of NH,C1O,, however, is consistent with a 
freedom of motion for the ammonium ion similar to that 
in NHI. 

* Supported in part by the U. S. Atomic Energy Commission. 


1J. J. Rush, T. I. Taylor, and W. W. Havens, Jr., Phys. Rev. Letters 5, 
507 (1660). 


L7. Scattering of Cold Neutrons by Ammonia and Ammo- 
nium Halides.* H. PaLtevsky, V. W. Myers, anp V. M. 
Brajovic,t Brookhaven National Laboratory.—The spectra of 
beryllium-fiitered pile neutrons scattered at 90° have been 
measured for NH4F, NH,Cl, NH,Br, NH,lI, and NH; gas. At 
20°C NH,F, NH,CIl, and NH,Br each exhibit two sharp peaks 
in an energy range of 20-100 mv, while NH,I and NH; show 
only a broad distribution of neutrons. At —25°C NH,lI has 
two peaks similar to those observed in the other halides at 
room temperature. The energy of high-energy transitions agree 
with frequencies obtained from the combination bands in 
infrared experiments and yield the characteristic frequency of 
the torsional oscillation of the NH,* ion in the field of its 
neighbors.! The lower energy peaks most likely represent the 
optical vibration frequency of the ammonium ion, which can- 
not be observed by infra-absorption techniques. A detailed 
comparison of the parameters obtained from the neutron 
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measurements with those obtained by other means will be 
presented. 


* Work carried out under the auspices of the U. S. Atomic Energy 


Commission. 
+t Guest scientist from Institute of Boris Kidric, beige , Yugoslavia. 
1E, L. Wagner and D. F. Hornig, J. Chem. Phys, 18, 296 (1950). 


L8. Scattering of Cold Neutrons in Organic Compounds.* 
V. W. Myers, M. J. Cotrer, anp H. PaLevsky, Brookhaven 
National Laboratory.—The scattering spectra of 5-mv neutrons 
have been measured in several hydrogenous organic com- 
pounds. At 20°C, liquid benzene has two high-energy peaks at 
neutron energies of approximately 50 and 90 mv. These energy 
levels are consistent with Raman spectra observations, and 
are interpreted as vibrations in the benzene ring. These high- 
energy peaks in benzene are superposed on a very broad dis- 
tribution which has a maximum at an energy of about 12 mv. 
This low-energy distribution may be due to the effects of 
hindered rotations of the molecules and intermolecular vibra- 
tions. At —25°C, solid benzene exhibits a low-energy spectrum 
similar to that of the liquid. At 20°C, polyethylene, cellulose 
acetate, nylon, and the alcohols have very broad single 
resonances in the neutron energy range 10-30 mv. 


* Work carried out under the auspices of the U. S. Atomic Energy 
Commission. 


L9. Scattering of Cold Neutrons by Liquid Tin.* H. R. 
Muetuer,f Y. WakutTa,f AND R. L. STEAaRNsS,§ Brookhaven 
National Laboratory—The spectrum of beryllium-filtered 
neutrons scattered at 90° by thin samples of liquid tin has 
been measured using the Brookhaven slow-chopper apparatus. 
The spectrum shape shows a diffusive-type broadening of the 
incident spectrum similar to that previously observed in liquid 
lead. The broadening increases with temperature, and this 
variation gives an activation energy of 2000 cal/mole, approxi- 


mately half the value obtained from macroscopic diffusion 
measurements. A broad peak of inelastically scattered neutrons 
is also observed at energy gains of approximately 15 mv. 
Polycrystalline solid sample shows a sharper peak at this same 
energy, consistent with the Debye temperature of tin. These 
results indicate that the liquid-tin atom dwells for a time in the 
field of its neighbors before making a diffusive jump. 


* Work carried out under the auspices of the U. S. Atomic Energy 
Commission. 
Permanent address: State University of New York, Long Island Center. 
I. A. E, A. Fellow from University of Kyushu, Japan. 
Permanent address: Vassar College. 


L10. Neutron Scattering by Low-Temperature H;0.t 
W. L. Wuitremore anp A. W. McReEyno ps, General Dy- 
namics Corporation.—The scattering of neutrons by H,O at 
temperatures down to 4°K has been investigated as part of a 
study of water structure. The total scattering cross section of 
H:O at 21°, 77°, 268°, and 278°K was determined for 
0.0005 <E <0.1 ev. The time of flight distributions of neutrons 
scattered by H,O arranged in appropriate geometrical shapes 
have been studied for water temperatures of 4°, 21°, and 
300°K. The spectrum for 21°K is depressed in the region 
around 0,06 and 0.021 ev, corresponding to reported energy 
levels for liquid H,0.1* There is no structure in the spectrum 
corresponding to levels reported at 0.008, 0.005, and 0.0005 ev.? 
The total cross-section measurements for HO at 21° and 
77°K give no evidence of structure in the vicinity of any of 
these levels. At low energies, the cross section decreases with 
decreasing temperature, an indication of the scarcity of low- 
lying energy levels. The neutron spectra from 4°K and 21°K 
HO indicate that neutrons fail to thermalize completely to 
these low temperatures, further indicating the lack of im- 
portant low-lying energy levels in solid HO. 

t This work supported by the Atomic yo 4 neg 

1BLN. ig ee a ee om 10, mi? (1957 


7D. J. H alevsky, W. and E. runkelo, Phys. Rev. 119, 
872 (1960). 
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Lil. Structure and Dynamics of Liquid Hydrogen by 
Neutron Scattering.* A. W. McREeyNoLpDs AND W. L. WuitTE- 
MORE, General Atomic Division.—In the very low energy range 
0-0.010 ev, scattering interactions of neutrons with hydrogen 
are particularly sensitive to the details of bonding. Two types 
of measurements have been made on H,O and liquid H, at 
temperatures from 4°K to 20°K to determine the energy dis- 
tribution of initially fast neutrons from an electron linear 
accelerator, after multiple collisions, and to determine the 
total scattering cross section as a function of energy from 
0.0001 to 0.1 ev. The neutron energy spectrum from liquid 
parahydrogen approaches more nearly than the ice spectrum 
to the equilibrium distribution for 20°K, corresponding to 
kT =0.0017 ev. It shows a relatively sharp break in scattering 
properties at about 0.010 ev, above which there is indication 
of energy levels. This is confirmed by total cross-section meas- 
urements which also show that, in contrast to other hydrog- 
enous materials, there is a definite transition point at 0.010 ev, 
below which behavior is similar to gaseous parahydrogen, and 
above which the cross section rises steeply, indicating a 
threshold for energy level excitations dependent on inter- 
molecular forces and spin correlation. 


* Supported in part by the U. S. Atomic Energy Commission. 


L12. Neutron Scattering by Conduction Electrons as a 

Probe of the Superconductivity Energy Gap.* Wittiam H. 
Luptonf AND RicHarp A. FERRELL, University of Maryland. 
A consideration of the inelastic scattering of neutrons by the 
conduction electrons in a metal reveals a cross section that is 
peaked in the forward direction due to the interaction of the 
neutron magnetic moment with the electronic currents. A 
phenomenological treatment shows that the cross section is 
related to the frequency and wave number-dependent con- 
ductivity. A degenerate electron gas is used as a model for the 
normal state of a metal. In a superconductor an electron must 
receive enough energy to surmount the energy gap, hence the 
small angle cross section is reduced. The ratio of the cross 
sections in the superconducting and normal states has been 
estimated from the conductivity reported by Glover and 
Tinkham. The scattering by the nuclei of the crystal lattice is 
also analyzed since it would be an important competing process 
in a proposed experiment. 

* Supported by the Office of Naval Research and the Air Force Office of 


Scientific Research, ARDC. 
t Now at the U. S. Naval Research Laboratory. 


L13. Fluctuation-Dissipation Relations for Neutron Dif- 
fraction. RicHarp L. Becker, Oak Ridge National Laboratory. 
—Fluctuation-dissipation (FD) relations are relations between 
responses of driven systems and their equilibrium fluctuations. 
Usually the system is considered in interaction with an external 
field (signal generator). By using perturbation theory, one 
may generalize to situations in which the reaction on the 
driving system must be included. The scattering of a neutron 
wave packet by a fluid initially in equilibrium is treated, using 
the Fermi pseudopotential and the van Hove statistical space- 
time correlation function G(r,t). The relevant response func- 
tions, d*¢/dQdE and the time-dependent local particle density 
in the fluid are expressed most directly in terms of both ReG 
and #“'JmG. We regard such expressions as primitive FD 
relations. A systematic presentation is given of integral repre- 
sentations of ReG in terms of #~'JmG and of their converses 
These statistical relations are valid for any system in equi- 
librium and are independent of considerations of driving the 
system. Although JmG equals zero in the classical limit, 
hk-1ImG does not. On eliminating #“'JmG in favor of ReG by 
means of one of the statistical relations, the responses may be 
expressed in terms of ReG alone, which corresponds to the 
usual form of FD relations. 
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L14. Temperature Measurements in High-Temperature 
Gases Using Thermal Neutron Scattering. Patrick DoHERTY, 
RONALD Barr, RICHARD BOEDEKER, ROBERT DELANEY, 
DonaLpD Manson, AND A. H. WEBER, Saint Louis University. 
—The feasibility of developing a neutron thermometer is dis- 
cussed theoretically and experimentally. Neutrons in a col- 
limated beam from the thermal column of a reactor are 
allowed to impinge on a volume element of a high-temperature 
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gas. They are scattered in such a manner that at a given angle 
their energy distribution depends on the average ion tempera- 
ture of the volume element and is independent of the ioniza- 
tion. An analysis of this energy distribution can be made by 
looking at the transmission of the scattered neutrons through 
cadmium foils. Results of an experiment using an oxyhydrogen 
flame as the scatterer will be given. 


TUESDAY AFTERNOON AT 2:00 


Sheraton Hall 


(M. M. SHAPIRO presiding) 


Cosmic Rays and Space 


LAI. Primary Cosmic-Ray Spectrum in 1958.* HuGu R. 
ANDERSON, California Institute of Technology and Jet Pro- 
pulsion Laboratory.—In 1958 our Laboratory made a latitude 
survey of cosmic-ray intensity using integrating ionization 
chambers and sounding balloons. Thirty-eight simultaneous 
pairs of balloon flights were launched. The rate of ionization 
was successfully measured as a function of atmospheric depth 
at a base station and simultaneously from a roving station at 
twenty-nine different latitudes between 87°N and 79°S geo- 
magnetic latitude. A primary differential rigidity spectrum 
over the latitude sensitive region has been calculated from 
these data using geomagnetic theory and an assumed charge 
spectrum. The integral flux of nuclei with rigidity >16 Bev 
may be obtained from our data by assuming that the spectrum 
has a constant slope at all higher rigidities. By combining this 
result with the derived differential spectra the integral flux of 
primary nuclei with rigidity >0.6 Bev has been computed. It 
is found that N(>0.6 Bev) equals 0.11 nuclei/cm? sec sr, 
in 1958. 


* Assisted by the joint program of the Office of Naval Research and the 
U. S. Atomic Energy Commission. 


LA2. Flux and Energy Spectra of Primary Cosmic-Ray 
Protons from 70 to 400 Mev.* Rocuus Voct, University of 
Chicago.—During August and September, 1960 three Skyhook 
balloon flights were carried out from Fort Churchill, Manitoba 
at altitudes of 125 000 ft. The energy spectrum of the vertically 
incident protons was determined through the measurement of 
the particle energy loss and range in lead. It was found that 
the flux of low-energy protons rises with decreasing energy 
between 75 and 400 Mev. The particle flux and energy spectra 
will be presented, and the implications of these results on 
cosmic-ray modulation mechanisms will be discussed. On 
September 8 additional protons of solar origin were observed 
which probably originated in the solar flare of September 3 
and remained trapped in interplanetary space. 

* Research supported in part by the Office of Scientific Research, U. S. 


Air Force, the National Science Foundation, and the Office of Naval 
Research, U. S. Navy. 


LA3. Solar Protons and a@ Particles from the September 3, 
1960 Flare.* S. Biswas,t PHYLLIs FREIER, AND W. STEIN, 
University of Minnesota.—A class 3+ solar flare started at 
0040 UT on September 3, 1960, and reached maximum in- 
tensity at 0110 UT. The average proton differential energy 
spectrum from 0930-1700 UT on September 3rd has been 
measured in the energy interval 250-800 Mev. Expressing 
adN/dE=k-E~’, y is approximately 2 from 250-400 Mev and 


increases to approximately 3 at higher energies. The proton 
cutoff energy has bc=n measured and is 250+15 Mev. This 
corresponds to a magnetic rigidity of 0.72 Bev at Minneapolis. 
The sudden commencement of the magnetic storm following 
this flare occurred at 0230 UT on September 4th. After this 
time, protons of energy <250 Mev were also observed. We are 
measuring the proton spectrum in the energy interval 80-800 
Mev from 1700-2320 UT on September 4th. The solar a-parti- 
cle differential energy spectra at these two times have also 
been measured. For @ particles y=3 in the energy interval 
100-200 Mev/nucleon. Before the magnetic storm the ratio 
of the flux of protons to the flux of @ particles in the rigidity 
region 0.88-1.3 Bev is J,°/J.°=(3700 particles/m?-sec-sr) / 
(120 particles/m?-sec-sr) =31+8. 

* This work was supported by the joint program of the Office of Naval 


Research and the U. S. Atemic Energy Commission. 
Tt On leave from Tata Institute of Fundamental Research, Bombay. 


LA4. Polarization of Cosmic-Ray Mu Mesons Underground 
and at Sea Level.* H. V. Brapr anp G. W. Ciark, M.J.T.— 
The polarization of cosmic-ray mu mesons that come to rest in 
a brass absorber has been measured at sea level with less than 
20 g/cm* of material above the absorber and underground 
with about 3700 g/cm? of rock cover. The polarization was 
determined from the degree of asymmetry in the distribution 
of directions of decay electrons. Approximately 200 000 decay 
events were observed at each site, and the ratio of polarizations 
at the underground and sea-level sites P,/P, was found to be 
0.98+0.18. A determination of the absolute polarizations from 
the observed effect yielded P,=P,=0.26+0.03, where the 
scattering of the decay electrons in the brass absorber was not 
taken into account. According to the theory of Hayakawa, 
the measured polarization depends, in part, upon the propor- 
tion of K mesons among the parents of stopped muons. Assum- 
ing no anomalous depolarization of the muons in the rock, one 
concludes, therefore, that the measured results impose an 
upper limit on the K/x production ratio at the primary energies 
defined by the 3700 g/cm? of cover at the underground site. 
These energies are, on the average, above that presently avail- 
able from machines. 

* This work is supported in part by funds provided by the U. S. Atomic 


Energy Commission, the Office of Naval Research, and the U. S. Air Force 
Office of Scientific Research. 


LAS. Effective Directional Sensitivity of Cosmic-Ray Neu- 
tron Monitors. SERGE M. Lapointe, Université de Montréal, 
AND D. C. Rose, National Research Council.—The direction of 
maximum sensitivity of a neutron monitor is calculated 
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numerically for a set of points on the same geomagnetic 
meridian but extending in latitude from the equator to the 
pole. This leads to two master curves, one for the longitude 
and the other for the latitude of this direction. From these 
curves this direction is obtained in geographic coordinates for 
some twenty cosmic-ray stations. The method of calculation 
is described taking into account atmospheric absorption and 
the energy spectrum of the incident particles. The aperture of 
the sensitive cone, or source width, also is calculated. Finally 
the accuracy of the results is discussed and the application of 
the concept of effective d‘rection is described. 


LA6. Secondary Cosmic-Ray Photons below Cascade 
Energy.* K. A. ANDERSON, University of California, Berkeley.— 
On several occasions during 1958 and 1959 scintillation spec- 
trometers have been included in balloon-borne apparatus 
designed to study auroral zone x-ray effects. Incidental to 
these observations the counting rates in the crystal due to 
photons in equilibrium with the primary cosmic-ray beam 
have been obtained over the energy interval 30 to 300 kev. 
The maximum intensity of these photons occurs at 100 g cm? 
depth and is approximately 22 cm sec™! as compared with 
a charged particle flux of 1.9 cm sec". The differential 
energy spectrum of these photons is quite flat varying roughly 
as E~!, These flights attained atmospheric depths of 6.5 g em~? 
and estimates of the photon flux at zero depth can be made by 
extrapolation. The photon albedo of the atmosphere is thus 
found to be about 8 cm~ sec™ above 30 kev. The origin of 
these photons is believed to be mainly in the electromagnetic 
cascade. Their great abundance is due to the long absorption 
length in the 30- to 300-kev region where the dominant inter- 
action with matter is the Compton process. 


* Supported by the U. S. Office of Naval Research. 


LA7. Evidence for Storage of Solar Cosmic Rays within 
the Magnetic Configuration Responsible for a Forbush De- 
crease. H. CARMICHAEL AND J. F. STELJES, Atomic Energy of 
Canada Limited—Three major solar flare and radio noise 
outbursts in rapid succession, associated with a large sunspot, 
occurred on November 10, 11, and 12, 1960, starting at 1000, 
0304, and 1320 UT, respectively. Solar cosmic radiation gener- 
ated in the third of these outbursts produced a conspicuous 
increase in sea-level neutron monitors. At Deep River, Ontario, 
the increase started slowly at 1342 UT and was declining at 
1900 UT when a sudden enhancement occurred followed by 
some rapid fluctuations. There was no significant solar activity 
at this time, some 5 hr after the start of the flare. About half 
an hour later a sharp (Forbush) decrease of the intensity of 
galactic cosmic radiation occurred. Sudden-commencement 
magnetic storms had begun at 1348 and 1844 UT. It is reasoned 
that these storms and the Forbush decrease were produced by 
an expanding plasma cloud from the flares of November 10 
and 11 and that the sunspot field entrained in the cloud formed 
a magnetic bottle! attached to the sun in which high-energy 
particles injected by the flare of November 12 were trapped 
and were being stored. As the plasma front passed the earth, 
the monitor suddenly sampled a higher flux due to the trapped 
solar cosmic-ray particles. 


1 Thomas Gold, J. Geophys. Research 64, 1665-1674 (1959). 


LA8. Interplanetary Magnetic Fields as Derived from 
Cosmic-Ray Observations.* K. G. McCracken, M.I.T. 
(introduced by Frank Scherb).—During 1959 and 1960 there 
were six occasions on which a large solar flare produced rela- 
tivistic cosmic rays which were detected at the earth. The time 
behavior and isotropy of the six events were markedly differ- 
ent, and will be shown to impose limits on the magnetic field 
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configurations in the inner solar system, being consistent with 
a theoretical model proposed by Gold, Piddington, and others. 
For example, the flare effects occurring after cosmic-ray pro- 
duction near the western solar limb exhibited rapid rise times, 
and marked anisotropy, while, when the parent flare was 
further to the east, the rise times were long, and the radiation 
relatively isotropic. While these above facts yield information 
on the magnetic configurations between the sun and the earth, 
the decay of the flare effect is determined by the magnetic 
field regime in the solar system as a whole. It will be shown 
that the dimensions and properties of the fields inferred from 
the solar and cosmic-ray events prior to the flare effects yield 
satisfactory explanations for the various types of decaying 
phases which were observed. 


*Sponsored by the World Wide Research Scientists Project on the 
International Co-operation Administration of the U. S. Government. 


LA9. An Investigation in High-Energy Gamma-Ray As- 
tronomy.*{ Tuomas L. Cuiine,ft M.J.T.—A study of the 100- 
Mev photon component of cosmic radiation was carried out 
by use of a balloon-borne scintillation-Cerenkov counter 
telescope. A directional search for primary photons yielded a 
negative result ; an upper limit of the isotropic primary photon 
intensity was set at 3X 10-* cm sec™ sr, and of the intensity 
from the galactic plane at 1.2 10-2 cm~ sec™ sr. Assuming 
the current galactic model, a limit on the steady-state anti- 
proton creation rate was set at a value slightly below that 
required by the cosmological model. Possible point sources of 
photons were investigated ; an upper limit of the flux from the 
direction of Cygnus-A was set at 7X10-* cm™ sec™. Other 
results will be discussed. 


* This work was supported in part by the U. S. Atomic Energy Commis- 
sion and by the Office of Naval Research. 
+ Abstr. 


acted from a thesis submitted to the Department of Physics in 
partial fulfillment of the requirements for the degree of Ph.D. 
t Now at National Aeronautics and Space Administration’s Goddard 
Space Flight Center. 


LA10. Stimulated Emission of Synchrotron Radiation from 
Jupiter. Paut J. KELLoG, University of Minnesota.—Jupiter 
is an amazingly powerful radio source, and the mechanism of 
the radio emission is thought to be synchrotron or cyclotron 
emission from electrons trapped in a radiation belt.! This 
interpretation requires either a very large number of rela- 
tivistic electrons or a large magnetic field. We consider whether 
stimulated emission of such synchrotron radiation may be 
important. If the radio source has five times the area of 
Jupiter’s disk, then the observed power flux corresponds to an 
occupation number of the order of 1000 radio photons per 
quantum state at a wavelength of 68 cm. It is possible then, 
that stimulated emission is 1000 times more important than 
spontaneous emission. If spontaneous emission dominates, 
then radio emission in a direction in which the gradient of 
magnetic field vanishes is enhanced, and the geometry of the 
source will be changed. This and other consequences of the 
assumption of predominant stimulated emission will be 


discussed. 


1G. B. Field, J. Geophys. Research 65, 1661 (1960). 


LAII. Space Erosion of the Grant Meteorite. Davin E. 
FIsHER, Cornell University.—An upper limit to the erosion of 
iron meteorites in space is calculated, based on the cosmic 
exposure age of the Grant meteorite and on the measured 
depth variation of cosmogenic neon-21 in this meteorite. A 
value for Emax of 10~* cm/yr is found. The analysis does not 
differentiate between erosion due to interplanetary gas, dust, 
or ions. Suitability of the Grant meteorite for this analysis, 
and previous estimates of erosion rates and of interplane- 


tary dust will be discussed. 
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National Bureau of Standards, East Building 


(L. MARTON presiding) 


Electron Physics 


Ml. Electrical Conduction and Breakdown in High-Pres- 
sure (0.25-300 mm) Rare Gases. R. Forman, Union Carbide 
Corporation.—The current voltage characteristics of high- 
pressure (0.25-300 mm) inert-gas diodes have been measured. 
Unexpected phenomena have been observed and some of the 
general results can be summarized as (1) the current vs voltage 
characteristics of argon and xenon-filled diodes at gas pressures 
above 1 mm, do not obey a space-charge law if the cathode 
temperature is above 2400°K; (2) the current vs voltage 
characteristics of helium-filled diodes, however, do obey the 
space-charge relations at all filament temperatures available 
with present cathode materials; (3) unusual early breakdown 
phenomena were observed. An attempt will be made to explain 
these data qualitatively by postulating the existence of 
thermally generated xenon or argon ions at the operating 
temperatures. 


M2. Electron Guns for Low-Energy Scattering Experiments. 
C. E. Kuyatt anp J. Aro Simpson, National Bureau of 
Standards.—F or a planned experiment on differential inelastic 
electron scattering in gases, the need arose for an electron beam 
of the following characteristics: energy 200 to 1000 ev, current 
at least 30 microamperes, cross section 1 mm, angular diver- 
gence less than 5 milliradians. Since energy-resolved cross 
sections are desired the energy spread of the beam must be as 
narrow as practical. At these energies the requirements are 
contradictory. The highly collimated fine-focus beams of 
electron microscope or cathode-ray tube guns have insufficient 
current while space-charge limited guns of the Pierce type 
have sufficient current but are neither fine enough focus nor 
well enough collimated. Furthermore, many guns have energy 
spreads far above thermal. Guns of both types were tested for 
(1) current density and collimation and (2) energy spread. 
The first was determined by measuring the current through a 
0.3 mm hole 240 mm from the gun anode; the second by a 
retarding field analyser. The best gun tested was a two stage 
device derived from electron microscope practice. The energy 
spread was only slightly beam-current sensitive and close to 
thermal. All oxide-cathode guns gave significantly poorer 
results than pure metal. Both the energy spread and the mean 
energy of beams from oxide cathodes, at least in our vacuum 
system, are very current-dependent and far from thermai. 


M3. Combined Theories of Elastic and Inelastic Electron 
Scattering in Metals. H. A. Fow er, National Bureau of 
Standards.—The characteristic-loss spectra of electrons scat- 
tered by transmission through metal foils are regarded as ideal 
examples of plural scattering. However, no satisfactory model 
exists in the literature to explain the angular dependence of 
these spectra. Competing models of the pure-elastic scattering 
process are the coherent diffraction theory of Bethe and von 
Laue, and the incoherent diffusion theory of Moliére, Lenz, 
and Leonhard. Competing models of the plural, diffuse, in- 
elastic process have been based on two different types of 
cross-section: the narrow, highly peaked type of Lenz and 
Leonhard, and the broad type considered by Ferrell, propor- 
tional to 02/@g*+-6%. A new combined model is proposed, in 
which the pure-elastic process is coherent diffraction, and the 
plural inelastic process has a cross-section of the Ferrell type. 
A representation in terms of linear integral operators is 
suggested. Critical features of the new model are (1) the 
dependence of the pure-elastic angular distribution on thick- 


ness, (2) the angular spreading of the successive discrete-loss 
peaks, and (3) the Poisson statistical distribution of electrons 
among the discrete-loss peaks. 


M4. Plural Inelastic Scattering of Electrons in Aluminum 
at 20 kev. L. Marton, J. ARo” Simpson, H. A. FOWLER, AND 
N. Swanson, National Bureau of Standards.—Experimental 
observations of the angular dependence of characteristic-loss 
spectra have been made with an incident beam of 1-1.5 mrad 
half-width. These are compared with the theoretical model of 
the preceding paper. (1) The angular width of the elastic peak 
does not increase appreciably with specimen thickness, 
between 500 and 1800 A. (2) The angular spreading of the 
successive discrete-loss peaks is accurately described by a 
folding operation with the Ferrell type of differential cross 
section. Both the half-width and the long tails of this cross 
section agree well with experiment. (3) The integrated angular 
distributions of the elastic and discrete-loss peaks compare 
accurately with Poisson-distribution functions of argument 
range 0.75—2.4. On combining these arguments with foil thick- 
ness measurements by a Fizeau-Tolansky interferometer, a 
value of mean free path in the 8 to 900-A range is obtained for 
20-kev electrons. This is in agreement with the previously 
reported value of Blackstock, Ritchie, and Birkhoff,! when 
differences in the experimental method are considered. 


1A, W. Blackstock, R. H. Ritchie, and R. D. Birkhoff, Phys. Rev. 100, 
1078 (1955). 


MS. Polarization of Photoelectrons from Magnetized 
Nickel.* R. L. Lonc, VERNoN W. HuGHEs, AnD J. S. GREEN- 
BERG, Yale University, AND 1. AMES AND R. L. CHRISTENSEN, 

An attempt has been made to 
produce a beam of transversely polarized electrons by photo- 
emission from a high-purity single crystal of uxickel. The 
crystal was magnetized along the 111 direction by a perma- 
nent magnet, and the electrons were emitted from the 110 face. 
An electronic getter-ion vacuum pump provided a pressure of 
about 5X10~* mm of Hg. The light source was a mercury UV 
lamp! which produced primarily the 1850 A and 2537 A lines 
of Hg. By use of a filter, it was found that essentially all of the 
photoelectrons were produced by the 1850 A line. The photo- 
electrons were accelerated to 140 kv by an electrostatic 
accelerator to give a current of about 10~” amp. A cylindrical 
electrostatic field was used to energy analyze the beam, which 
then entered a Mott scattering polarization analyzer.? The 
electrons were scattered by an 83 wg/cm? gold target. The 
scattering asymmetry was measured and the polarization was 
calculated according to the methods of Greenberg et al.2 No 
polarization has been found, whereas, a polarization of 10% 
would have been observed. Further experiments are planned 
with better vacuum conditions and with other selected 
wavelength lines. 

* This research has been supported in part by the National Aeronautics 
and Space Administration. 

1 Pen-Ray Model 11SC-2, made by Black Light Eastern Corporation. 

2J. S. Greenberg, D. P. Malone, R. L. Gluckstern, and V. M. Hughes, 
Phys. Rev. 120, 1393 (1960). 


M6. Electron Emission from Metals at Temperatures Near 
Their Melting Points. H. F. Kaiser, U. S. Neval Research 
Laboratory.—In a previous paper! the possibility of obtaining 
high current density electron emission from various pure 
metals and carbon operated at temperatures through and 
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above their melting points was explored. Possible durable 
operation under pulsed conditions at emission current densities 
exceeding 100 amp/cm? was indicated by a study of vaporiza- 
tion characteristics for a few metals. In this paper, this topic 
is extended with a study of a possible further increase of 
emission by the space charge neutralization brought about by 
metal vapor ions produced in the extraction process. Experi- 
mental results with equipment produced to date will be 
described. 


1H. F. Kaiser, Bull. Am. Phys. Soc. 5, 281 (1960); and NRL Quarterly on 
Nuclear Science and Technology, July, 1960, pp. 18--27. 


M7. Optical Emission of Irradiated Ag and Al Foils. E. T. 
AraAKAwa, A. L. FRANK, R. D. BirKHorF, AND R. H. RITCHIE, 
Oak Ridge National Laboratory.*—Light emitted by thin foils 
of Ag and Al during irradiation by 40- to 115-kev electrons has 
been analyzed with a vacuum ultraviolet spectrometer having 
an EMI 6256B photomultiplier and conventional de current 
amplifier as detector. Spectra were obtained between 1700 A 
and 6000 A at 30° from the foil normal for Al foils of thick- 
nesses 125 A, 250 A, 375 A, and 500 A, and Ag foils of thick- 
nesses 1200 A, 1600 A, 2000 A, and 2400 A. The peak at 3400 A 
in Ag, ascribed to plasma radiation by Brown! and Steinmann,? 
was investigated for the foils and energies stated above. For 
Al a continuum was found which increased in intensity as the 
wavelength decreased. Comparison will be made between the 
latter and a generalization of the Frank-Ginsberg transition 
radiation theory as formulated by Ritchie and Eldridge.’ 

* Operated by Union Carbide Corporation for the U. S. Atomic Energy 
Commission. : 

wa” Brown, P. Wessel, and E. P. Trounson, Phys. Rev. Letters 5, 472 
bs W. Steinmann, Phys. Rev. Letters 5, 470 (1960). 


‘ H. Ritchie and H. B. Eldridge, Bull. Am. Phys. Soc. Ser. II 4, 384 
1959). 


M8. Electroluminescence of Thin ZnS Films. W. A. THorN- 
TON, Westinghouse Lamp Division.—The ac electrolumines- 
cence of thin ZnS:Cu,Cl films is like that of powder phosphors. 
The major difference is that strong asymmetry in the films 
causes light emission only during the half-cycle of the applied 
voltage when the transparent tin oxide electrode, upon which 
the film is formed, is negative. The other (aluminum) electrode 
plays no part since an intermediate insulating layer has no 
effect. The resistive current component in the films is, how- 
ever, symmetrical with voltage polarity, as are both light and 
current in powder phosphors; this implies that the electrodes 
are never involved and that current and light emission are 
controlled by internal junctions in both phosphor films and 
powders. Direct current, as well as instantanteous ac current 
(resistive), in these films is proportional to [exp( V/V’) —1], 
where V’ is a constant. If either voltage half-cycle is clipped 
(or eliminated) by a rectifier, the light emission is reduced (or 
eliminated). Direct voltage bias, added to the alternating 
voltage, has the same effect although in this case the rms 
voltage is constant; the effect of the sign of the dc bias voltage 
indicates that the ionization process occurs during one half- 
cycle (with no light emission), and that the resulting light 
emission occurs on the following half-cycle. 


M9. Material and Enclosure Effects on the Threshold for 
Pulsations in Induced Fluorescence R. W. HELLWARTH, 
Hughes Research Laboratories.—The nature of the pulsations 
in the induced fluorescence from a “three-level” crystal excited 
between two parallel reflecting plates has been estimated! for 
the case where interference effects may be neglected. In this 
same case, the threshold level of exciting (pump) radiation, 
measured by the pump transition rate wo at threshold, is found 
to depend on the anisotropy of the crystal absorption coeffi- 
cient for the fluorescent transition a(8,v) and on the anisotropy 
of the plate reflectivity R(6), as well as on the fiuorescent ion 
concentration and maximum reflectivity. If r is the natural 
lifetime of the fluorescent state, and m; and nz are the lower and 
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upper fluorescent level populations at the point where the 
material gain just balances the losses in an optimum direction, 
then one finds for wo that worm, =m2fdQg(6)[1 —1(8)2(6) "3 
JSd%g(0). We have assumed for simplicity that a and R are onl 
functions of the angle @ measured from the direction of highe 
gain, and g(0) =a(0,0)/a(0,0); #(0)=[1—R(0)]/[1—R(e 
The results of numerical calculations of wo under various con 
ditions and corrections for systems involving more than three 
levels will be given. Possibilities for control and variation of 
pulsations will be discussed. 

1R. W. Hellwarth, Phys. Rev. Letters 6, 9 (1961) 

M10. Brillouin Flow in Relativistic Beams. P. B. ULRIcH 
AND D.C. nEPacku, U.S. Naval Research Laboratory.—A solu 
tion in closed form for Brillouin flow under relativistic condi 
tions in a cylindrical geometry has been found in the limit of 
low beam temperature. Curves and formulas will be presented 
relating density, magnetic field, energy, and tangential velocity 
throughout the beam. It will be shown that the forward com 
ponent of velocity is constant to all orders in the radius, that 
the beam exhibits a depression in central density due to 
diamagnetism, and that the central electrons in the beam of 
maximum perveanice have an upper energy limit of 
mately 200 kev. 


UPProx 


M11. Eddy Current Instability of an Electron Beam in a 
Conducting Tube. D. C. p—EPacku, U.S. Naval Research Labo- 
ratory.—An intense electron beam confined by external focus- 
ing within a shielding tube of finite conductivity should exhibit 
an instability resulting from partial penetration of the beam 
field into the tube. This instability is analogous to the insta- 
bility predicted by Rosenbluth! for a beam penetrating a 
plasma. Its growth rate is approximately proportional to the 
square of the electron momentum, the square of the ratio of 
beam diameter to tube diameter, and the reciprocal time 
constant of decay of tangential currents in the tube for a beam 
in equilibrium between space charge and focusing forces 

1M. N. Rosenbluth, Phys. Fluids 3, 932 (1969). 

M12. Electron Trajectories in Axially Symmetric Magnetic 
Fields.* R. F. Stetson, B. N. A. LAMBorRN, AND D. L. Lar- 
FERTY, University of Florida.—The behavior of electron beams 
of variable energies injected into an axially symmetric mag 
netic field is investigated. In the experiments, the beams are 
injected in the r—@ plane; with suitable choice of radial field 
gradient, the electron beam can be made to spiral inward from 
the injection radius and to reflect off some finite inner radius. 
With the proper choice of beam energy, the path traversed by 
the beam can be made very large. 

* Supported in part by the U. S. Atomic Energy Commissior 


Mi3. Electron Beam Interactions with a Plasma.* D. L. 
LAFFERTY AND B. N. A. LAMBorRN, University of Florida. 
The system has been analyzed in terms of collective variables 
and is described by a set of coupled, nonlinear differential 
equations relating the Fourier components of the 
densities of the two sub-systems. The general equations will 
be discussed and solutions obtained for several special cases 


charge 


* Supported in part by the U. S. Atomic Energy Co ssion 

M14. Longitudinal Oscillations in a System of Charged 
Particle Streams.* B. N. A. Lamporn AND D. L. LAFFERTY, 
University of Florida.—A system of nm streams of particles, 
each containing particles of one charge, mass, and translational 
velocity except for thermal variations, is investigated using 
collective coordinates. The total system is assumed to be 
charge neutralized. An equation of motion is derived for each 
stream relative to its center of mass. The corresponding 
dispersion relation of the system is obtained and discussed. 


* Supported in part by the U. S. Atomic Energy Commission. 
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MAI. Effect of Dissolved Gases on Some Superconducting 
Properties of Niobium. WARREN DESORBO AND GLENN E., 
NIcHOLs, General Electric Research Laboratory.—Studies have 
been made on the superconducting resistance transitions 
characteristics, in a longitudinal magnetic field, of wire speci- 
mens of niobium 
oxygen, nitrogen, hydrogen, and deuterium. Before the addi- 
tion of the gases, the wires, made from an electron beam 
melted stock, were annealed and ‘“‘degassed”’ in a high vacuum 
(1<1X10~-* mm of Hg) and high temperatures (1800—2000°K). 
For a specimen with a resistance ratio equal to ~500, 7.= 
9.465°K, whereas, prior to the thermal treatment, 7.= 
9.668°K. These are in good agreement with 7, values recently 
reported.!:? The initial slope of the critical magnetic field, 
(0H./8T);, is 530 oe/deg after the thermal treatment, and 
1140 oe/deg prior to it. Oxygen has the largest effect on T, and 
on the non-continuous behavior of the transition. The addition 
of small amounts decreases T, and increases (0H,/dT);, e.g., 
for a specimen containing 1.4 at. %, T, =5.840°K, (0H,./dT); = 
5000 oe/deg. The addition of oxygen in larger amounts in- 
creases T, again while (9H,/dT),; decreases. Some consequences 
of this will be discussed. The cryostat which renders tempera- 
tures reproducible to 1 millidegree will be described. 


containing various dissolved gases, i.e., 


1G. von Minnigerode, Z. Physik 154, 442 (1959). 
2A, Calverley (private communication). 

MA2. Change in Young’s Modulus between Normal and 
Superconducting Indium.* DwiJENDRA BHATTACHARYA AND 
EpWARD A. STERN, University of Maryland.—-Recent meas- 
urements!:? have shown that the lattice specific heat of indium 
in the superconducting state is roughly 20% less than that of 
the normal state below 0.7°K, while the change in the lattice 
Debye temperature as determined from elastic constants at 
1.4°K is less than one part in 6X10*. To further study this 
apparent paradox, changes in the Young’s modulus of a 
polycrystalline indium bar between the normal and super- 
conducting states is studied in more detail down to about 
1.0°K with a sensitivity of better than one part in 105. 

* Research supported by U. S. Signal Corp. 


1C, A. Bryant and P. H. Keesom, Phys. Rev. Letters 4, 460 (1960). 
2 B. S. Chandrasekhar and J. A. Rayne, Phys. Rev. Letters 6, 3 (1961). 


MA3. Current Distributions In Thin Superconducting 
Films. Paut M. Marcus, IBM, Yorktown Heights.—Detailed 
solutions have been obtained for current distributions within, 
and the magnetic fields in and around, a superconducting film 
of rectangular cross section carrying a steady current when the 
London constitutive equation for a superconductor is satisfied. 
The problem has been attacked through the inhomogeneous 
linear integral equation over the cross section for the current 
density. By power series expansion in the thickness coordinate, 
the problem is reduced to a series of coupled integral equations 
in one coordinate, which are then solved by systematic 
approximation by sets of linear equations. The cases of interest 
consider films of thickness ¢ comparable to the penetration 
depth \ and widths w up to 500) or more. The current distri- 
butions are then fairly uniform through the thickness, but very 
sharply peaked at the edges, and fall off slowly toward a mini- 
mum value at the center; the ratio of the center value to the 
edge value varies approximately as 1/(wt)* and is 0.075 for 
w=500, t=. The effects of a ground plane of external 
magnetic fields, and of nonlocal constitutive equations are 
also being studied. 


MA4. Deviations from the Law of Corresponding States in 
the Theory of Superconductivity. James C. Swrnart, JBM 
Research Center.—The BCS! integral equation has been studied 
for various nonseparable interactions Vie = V(|e—«’!). 
Numerical solutions have been obtained on an IBM 704 for 
the energy-gap function A,;( 7) for a square well potential V(x) 
which is attractive for x <4@p, repulsive for 40p<x<x,, and 
zero for x >x,. The cutoff x, is arbitrarily taken between @p 
and 2@p. The ratio »=2Agr/kT, is rather insensitive to the 
various parameters for several cases tried, giving nearly the 
original BCS value of 3.5. This shows that the BCS theory 
does give the law of corresponding states. In one case, to 
simulate Pb or Hg, a potential was taken with the repulsive 
part equal to the average Coulomb interaction, while the 
attractive part was chosen to give a T, of 7.3° with 0p =70°. 
For this strong coupling case, 7 was raised to 4.01. This 
solution gives for the jump in the specific heat at 7, the value 
1.51 compared to 1.40 for BCS. 


1J. Bardeen, L. N. Cooper, and J. R. Schrieffer, Phys. Rev. 108, 1175 
1957). 


MAS. Superconducting Film Geometry with Strong Critical 
Current Asymmetry. H. H. Epwarps anp V. L. NEWHOUSE, 
General Electric Research Laboratory.—'t is shown that film 
critical current, defined as the maximum current for which the 
film shows no resistance, can be strongly increased in one 
direction and strongly decreased in the order by the field from 
two current-carrying wires placed parallel to the film edges. 
The increase in critical current is shown to be associated with 
a mutual cancellation of the normal magnetic fields created by 
the wire currents and the film current. This cancellation occurs 
when the film current is uniformly distributed. This fact 
causes a uniform current distribution to occur. Experimental 
evidence is presented that the symmetrical increase of critical 
current due to the proximity of a superconducting “shield” 
plane! is the result of the same mechanism. Fields normal to 
the film surface also may be largely responsible for the broad 
current-induced transition? of flat “unshielded” films. With 
mutually opposed wire currents, the variation of critical 
current with wire current exhibits a significant hysteresis. 


1V. L. Newhouse, J. W. Bremer, and H. H. Edwards, Proc. Inst. Radio 
Engrs. 1395 (1960). 
2 J. W. Bremer and V. L. Newhouse, Phys. Rev. 116, 309 (1959), 


MA6. Magnetic Field Dependence of the Superconducting 
Energy Gap and Penetration Depth. D. H. DouGtass, JR., 
Lincoln Laboratory.*—Gor’kov'! has recently derived the 
Ginzburg-Landau? (GL) phenomenological equations of super- 
conductivity from the microscopic theory in the region where 
T.—T«T, and X(T), where € is the coherence length and 
A(T) is the penetration depth. He showed that the order 
parameter ¥ of the GL theory is directly proportional to the 
energy gap. In the GL theory, y is a function of temperature 
and field, and is identified with the penetration depth. Thus, 
the field dependence of the energy gap and penetration depth 
can be obtained by solving the GL equations for ¥(H). This 
has been done for a superconducting plate. The results show 
that the maximum effect occurs for thin specimens. For very 
thin plates, [A(7,0)/A(T,H) }? =1—(A/H.)*, [e(T,H)/e(T,0) ? 
=1—(H/H,)*, where ¢ is the energy gap and H, is the critical 
field of the plate. 

* Operated with support from the U. S. Army, Navy, and Air Force. 

1L. P. Gor'kov, J. Exptl. Theoret. Phys. (U.S.S.R.) 36, 1918 (1959); 
Soviet Phys.—JETP 9, 1364 (1959). 


V. L. Ginzburg and L. D. Landau, J. Exptl. Theoret. Phys. (U.S.S.R.) 
20, 1064 (1950). 
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MA7. Kapitza Boundary Resistance between Normal and 
Superconducting Tin and Liquid Helium.* J. I. GirrLeMAn, 
RCA Laboratories.—Measurements of the Kapitza boundary 
resistance between liquid helium and tin have been made in tine 
temperature range from 1.4°K to 2.0°K. The Kapitza resist- 
ance was found to vary as 7~’ in this range, as would be 
expected from the work of Khalatnikov and Little. A 9% 
increase was noted when the tin was in the superconducting 
state as when it was normal. This is contrary to measurements 
reported by Challis for lead, which showed that the Kapitza 
resistance in the same temperature range was nearly three 
times larger for lead in the superconducting state than in 
the normal state. Although the reason for the difference be- 
tween the results for lead and tin is not known, it is probably 
related to the fact that the Debye temperature of tin is much 
higher than for lead. Thus, in lead the lattice dominates the 
thermal. properties, whereas in tin the electrons contribute 
strongly. Measurements on indium, which has a Debye tem- 
perature slightly higher than that of lead, have also been made. 
The Kapitza resistance in the normal state measures slightly 
less than in the superconducting state. 

* Sponsored by U. S. Air Force, Wright Air Development Division. 


MAS. Free Precession Measurements in Solid He*.* J. M. 
GOoDKIND AND W. M. FArrRBANK, Stanford University.— 
Measurements of 7;, 72, and susceptibility have been con- 
tinued with a different sample container. The earlier results! 
have been reproduced with the exception of T, in the 8 phase 
at 1.37°K. At this point, 7; has been found to be immeasurably 
long (longer than 24 hours). The susceptibility has been 
measured as a function of pressure at 1.4°K from a pressure 
of 900 to 1600 Ib/in?. The variation of the volume suscepti- 
bility over this pressure range agrees, within an experimental 
error of five per cent of the total change, with the variation in 
density as extrapolated from the measurements of Grilly and 
Mills at the melting line. This information, combined with the 
1/T temperature dependence of the susceptibility in this 
region and earlier normalization in the liquid and the gas, 
establishes that the susceptibility is obeying a classical Curie 
law in this region. T; measurements above 1°K are inconsistent 
with the exchange energy predicted by Bernardes and 
Primakoff and indicated by the susceptibility below 0.2°K on 
the basis of simple exchange narrowing theory. The 7; meas- 
urements are being extended to lower temperatures to check 
this result in the region of the susceptibility anomaly. 


* Supported in part by the Office of Ordnance Research and the National 


Science Foundation. 
1 M. Goodkind and W. M. Fairbank, Helium Three (Ohio State 


University Press, Columbus, 1960), p. 52. 


MA9. Susceptibility of Liquid He* and He*-He* Solutions.* 
E. D. ApaMs AND W. M. FarrBANkK, Stanford University.— 
Fairbank, Ard, and Walters! have reported a temperature 
dependence of the susceptibility of pure liquid He* under its 
saturated vapor pressure between 0.13°K and 2.1°K. Their 
results indicate that the susceptibility has the qualitative 
behavior of an ideal-gas model, but with a degeneracy tem- 
perature of 0.45°K, an order of magnitude lower than the 
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ideal-gas model. Low, Rorschach, and Schwetman? have 
recently reported results on 95% He® between 1.2°K and 2.0°K 
which depart from the Curie law more rapidly than the earlier 
results! on pure He’, extrapolating to a degeneracy tempera- 
ture of 0.9°K. We have remeasured the susceptibility of pure 
He? from 0.06°K to 2.0°K, using a He? refrigerator for main- 
taining temperature equilibrium between 0.5°K and 1.2°K, 
and find it agrees with the results of Fairbank, Ard, and 
Walters.! Measurements are in progress on the susceptibility 
of He*-He‘ solutions to determine if the discrepancy is due to 
the presence of He‘ in He®. The latest results will be reported 

* Supported in part by the Office of Ordnance Research and the National 
Science Foundation. 

1W. M. Fairbank, W. B. Ard, and G. K. Walters, Phys. Rev. 95, 566 


(1954). 
2F. S. Low, H. E. Rorschach, Jr., and H. A. Schwetman, Helium Three 
(Ohio State University Press, Columbus, 1960), p. 29. 


MAIO. Optical Observation of Flow in Liquid Helium.* 
R. MEsERvVEY, Yale University.—An optical method has been 
developed to measure the surface contour of a thin layer 
(+107? cm) of liquid helium on a horizontal substrate (mini- 
mum detectable change in elevation ~5 10-6 cm). From the 
two fluid equations, the pressure, velocity, and temperature 
fields can be calculated. Using this technique, critical velocities 
for the onset of additional frictional forces in internal convec- 
tion were obtained from 1.1 to 2.0°K. Turbulence and shock 
effects were observed. Also, the curvature of a thin layer of 
steadily rotating helium was measured at Reynold’s numbers 
as low as 20, and found to be that of a normal viscous liquid 


* Supported by the National Science Foundation and the U. S. Army 
Office of Ordnance Research. 


MAI11. Thermodynamic Behavior of Liquid Helium Three 
in Its Possible Superfluid Phase.* TosHio Sopa AND R. VAsu- 
DEVAN, University of California, Berkeley and La Jolla.—The 
thermodynamic behavior of liquid He’ in its possible super- 
fluid phase is investigated by extending the method of 
Brueckner e¢ a/.! The values of the energy gap and free energy 
for a given system for different pure azimuthal modes, for ] =2 
interaction state which is predominant, are calculated for 
different temperatures using numerical integrations. The pure 
mode /] =2, m=0 gives lower energy gap values than the other 
two modes for all temperatures. The free energy for the /=2, 
m=2 mode and m=1 are very close to each other and the 
m=(0 mode always leads to higher free energy. The mixing of 
different modes is investigated near the critical temperature 
and it is found that ]/=2, m=2 pure mode is the lowest free 
energy state. All linear combinations in which m=0, +1 and 
+2 are symmetrically mixed lead to the free energy corre- 
sponding to the m=0 mode. The combination in which /=2, 
m=2, m=1, and m=0 only are mixed leads to that of the pure 
mode ]=2, m=2. The corerlation lengths are analyzed. The 
specific heat and entropy of the system are calculated for 
l=1, m=2 case. 

* Research supported in part by the U. S. Atomic Energy Commission, 
Office of Naval Research, and Office of Scientific Research. 


1K. A. Brueckner, T. Soda, P. W. Anderson, and P. Morel, Phys. Rev. 
118, 1442 (1960). 


TUESDAY AFTERNOON AT 2:00 


Burgundy Room 


(G. A. SNow presiding) 


Theory, IV: Properties and Interactions of Elementary Particles 


MB1. Magnetic Moments of Mu-Mesonic Atoms.* 
KENNETH W. Forp, Brandeis University; VERNON W. HUGHEs, 
Yale University, AND Joun G. Wits,t Los Alamos Scientific 


Laboratory.—-The magnetic moment of a negative muon bound 
in the field of a nucleus is slightly less than the moment of a 
free muon. This binding correction to the moment has been 
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calculated accurately for a number of nuclei, using realistic 
nuclear charge distributions. Polarization of the nucleus and 
of the atomic electrons by the muon aiso gives rise to signifi- 
cant corrections to the muon moment. Precise determinations 
of the magnetic moment of heavy mu-mesonic atoms afford, 
in principle, a way of testing for possible structure of the muon. 
However, uncertainty in the nuclear magnetic dipole polariza- 
bility renders this test rather insensitive. Alternatively, the 
measurements would provide experimental values of nuclear 
and electronic polarizability. 

* Supported by the U. S. Atomic Energy Commission and by the National 
Science Foundation. 

t Now at the University of Washington. 

MBz2. Decay of Bound Muons. Rospert W. Hurr, Carnegie 
Institute of Technology, R. H. Daitz, University of Chicago, 
AND KENNETH SMITH, Argonne National Laboratory.—The 
present calculation of the decay rate of a negative muon bound 
to an atomic nucleus is part of an attempt to resolve the 
discrepancy between the experimental rates' and recent 
approximate calculations?* of that rate. This calculation 
avoids most of the approximations of the earlier calculations 
by using correct relativistic wave functions, corresponding to 
an extended charge distribution, for both the moun and the 
final electron. The resulting radial integrals are then performed 
and combined by electronic computer to give the energy 
spectrum of the final electron, as well as, the total decay rate 
for several elements including iron, lead, and antimony. 

1D. D. Yovanovitch, Phys. Rev. 117, 1580 (1960). 

2H. Uberall, Phys. Rev. 119, 365 (1960). 

*V. Gilinsky and J. Mathews, Phys. Rev. 

MB3. The Mass of the Muon Neutrino.* J. N. BAHCALL 
AND R. B. Curtis, Indiana University—We have assumed 
that the mass of the muon neutrino yz is nonzero, and have 
calculated the theoretical effects of this assumption on: (1) 
Polarization of muons emitted in pion and kaon decays; (2) 
Muon-electron branching ratios in pion and kaon decays; (3) 
Electron spectrum from muon decay; (4) Polarization of 
electrons emitted in muon decay; (5) Muon lifetime. We have 
restricted ourselves to free processes and have assumed a V-A 
interaction for most but not all of our calculations. We shall 
discuss in detail experimental and theoretical aspects of the 
electron spectrum from isotropic muon decay, since the slope 
of this spectrum near the endpoint energy of the electrons is 
sensitive to the mass of yz. We also mention that the data of 
Dudziak ef al.! on the endpoint energy of electrons from muon 
decay may be combined with the recent x-ray measurements 
of the mass of the muon to set a probable upper limit on the 
mass of ys equal to six electron masses. 


120, 1450 (1960). 


* Supported in part by the National Science Foundation. 
1W. Dudziak, R. Sagane, and J. Vedder, Phys. Rev. 114, 336 (1959). 


MB4. Observability of the Signs of Interaction Coupling 
Constants.* D. B. LicHTENBERG, Michigan State University.— 
Criteria given by Kobzarev and Okun,! and independently by 
the author,’ for the observability of the signs of coupling 
constants, are applied to strong and weak interactions. For 
an often considered strong interaction Lagrangian containing 
eight coupling constants, only four relative signs are observa- 
ble.!}2 However, if weak interactions are considered simul- 
taneously, it follows quite simply from the criteria that 
additional relative signs are observable. This means it is 
possible to determine certain relative signs from experiments 
involving the decay of strongly interacting particles, as pointed 
out by Feldman, Matthews, and Salam.’ The observability of 
the signs of the coupling constants of certain meson-meson 
interactions will also be discussed. 
the National Science 


*Work supported in part by a grant from 


Foundation. 
Yu. Kobzarev and L. B. Okun, J. Expti. Theoret. Phys. 30, 210 
(1960) ; Soviet Phys.—JETP 12, 150 (1961). 
2D. B. Lichtenberg, Ann. Phys. (to be published) see especially Sec. II; 
also D. B. Lichtenberg (unpublished). 
3G. Feldman, P. T. Matthews, and A. Salam, Phys. Rev. 121, 302 (1961). 
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MBS. Invalidity of the Rafael Analysis for Moderate 
Energy NN Scattering.* RtcHARD YODER AND PETER SIGNELL, 
Pennsylvania State University——A modified effective range 
expansion by Rafael! has recently been used by Noyes? and 
others*® to argue that a potential or boundary-value model 
could not satisfy the nucleon-nucleon scattering data in the 
0-300 Mev region, and hence, one had no choice but to use a 
dispersion-theoretic approach. Rafael introduced the origin- 
shifted expansion for the 'So phase shift, k cot(é+k?) = 
Avy t+A,k?+A2k'+---, intended to be valid in the 0-300 Mev 
region. It was supposed that choosing # such that A; =0 would 
make the series weakly energy dependent, justifying a term- 
mination of the series with A2k*. We have tested the Rafael 
series with reasonable potentials and found that it does not 
converge sufficiently to truncate it. Furthermore, comparison 
of the truncated series with the usual effective range expansion 
produced negative shape parameters where direct calculation 
produced positive shape parameters. We conclude that the 
Rafael analysis can not be used to reject potential and 
boundary-value models. 


*This work was supported in part by the U. S. Atomic Energy 


Commission. 

!R. B. Raphaei, Phys. Rev. 102, 905 (1956). 

2H. P. Noyes, University of California Radiation Lab. Rept. UCRL 
§521-T, March 1959, and International Conference on Nuclear Forces and 
the New Nucleon Problem, University College, London, July, 1959 (to be 
published). 

3M. H. MacGregor, M. J. Moravcsik, and H. P. Noyes, University of 
California Radiation Report, UCRL 5582-T, May 1959. 


MB6. Hyperon-Nucleon Scattering. C. DULLEMOND, Uni- 
versity of Rochester, AND J. J. DE Swart, Enrico Fermi Insti- 
tute—From the rather well-known nucleon-nucleon potentials, 
one can construct the hyperon-nucleon potentials if one 
assumes a universal pion-baryon coupling.' For the T=1 
nucleon-nucleon potential we choose the Bryan potential,? and 
for the T=0 nucleon-nucleon potential we choose the Garten- 
haus T=0 potential.’ At several different energies above and 
below the threshold for the reaction A+N—-~2+N, we have 
solved the Schrédinger equation for T=} and T= for 
J values up to J=5. This allows us to predict all the rele- 
vant experimental parameters for reactions of the type 
Y+N—~Y+N. 

D. B. Lichtenberg and M. H. Ross, Phys. Rev. 103, 1131 (1956). 


1 
2 R. A. Bryan, Nuovo cimento 16, 895 (1960). 
*S. Gartenhaus, Phys. Rev. 100, 900 (1955). 


MB7. A-Nucleon Potential and Hyper Fragments. J. J. 
De Swart, Enrico Fermi Institute, AND C. DULLEMOND, Uni- 
versity of Rochester.—A shape-independent relation connecting 
the volume integral V of an effective two-body central poten- 
tial with the low-energy scattering parameters is derived. For 
the A-nucleon potential, rather accurate volume integrals are 
obtained by Downs and Dalitz,! from an analysis of the hyper 
fragments. Using the hyperon-nucleon potentials as described 
in the preceding abstract, we have calculated the low-energy 
scattering parameters for the A-nucleon system. Using the 
shape-independent relation, we obtain the corresponding 
“volume integrals’ V. Using the range parameter b= 1.4843 f, 
we obtain V,=369 Mev f? and V,=—63 Mev f*. Downs and 
Dalitz! obtain V,=(386+39) Mev f* and V,=(174+21) 
Mev f*. The results will be discussed. 


1B. W. Downs and R. H. Dalitz, Phys. Rev. 114, 593 (1959). 


MB8. Statistical Theory of Y- Y Production via P- P Anni- 
hilation.* J]. S. Kovacs, Michigan State University.—On the 
basis of the statistical model, the observed cross sections for 
the production of Y-¥ pairs in P-P annihilation at 1 and 1.25 
Bev are compared with the total cross section for annihilation 
to K-mesons at these energies and to the cross section for 
annihilation to two pions. A relation is thus obtained between 
the characteristic volumes associated with the K, z, and Y. 
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Cross sections for other final states and for annihilations at 
other energies are obtained on this basis. 


* Supported in part by a grant from the National Science Foundation. 


MB9. Production of AA Pairs in pp Collisions.* GrorGE 
C. SUMMERFIELD, Michigan State University (introduced by 
D. B. Lichtenberg).—A calculation of the energy dependence 
and angular distribution of AA pairs produced in fp annihila- 
tion is carried out. This is done considering the AA production 
to arise from a nondiagonal potential in the Hamiltonian. The 
Pp interaction is taken as an optical potential adjusted to 
agree with experimental values of the inelastic total cross 
section and the elastic angular cross section.'! The nondiagonal 
potential is considered to arise from a single K exchange and 
its range is taken as the kaon Compton wavelength. However, 
for simplicity in the calculation, the shape of the potential is 
taken to be a square well. The depth of the nondiagonal 
potential is adjusted to agree with an experimental deter- 
mination of the total cross section,? and both the angular and 
energy dependence of the interaction are determined. The 
AA interaction is taken to be zero as there is no experimental 
evidence on which to base such an interaction. Results will 
be compared with experiment. 

* Work supported in part by the National Science Foundation. 

* Armenteros et al., ‘“‘Antiproton-proton cross sections at 1.0, 1.25, and 


2.0 Bev” (unpublished) UCRL-8851. 
2J. Button e al., Phys. Rev. Letters 4, 530 (1960). 


MB10. Global Symmetry and the Pion-Hyperon Inter- 
action in the Final State.* Justin C. HuANGT AND JuLius S. 
Kovacs, Michigan State University.—The implications of the 
assumption of Global Symmetry in the final-state +Y inter- 
action in the process *~+P—-K+Y+- are studied. All 
interactions among the final state particles excpet for the rY 
interactions were neglected. The branching ratios at various 
energies and the kaon momentum spectrum at a total center 
of mass energy of 16 m, were calculated and compared with 
the corresponding results using a purely statistical model 
(neglecting any final state interaction). The results, in general, 
indicate that the experiments considered here would not give 
a very strong test of Global Symmetry. 


* Supported in part by a grant from the National Science Foundation. 
t National Science Foundation Cooperative Fellow. 


MB1i. On the Conservation of Isotopic Spin J. C. Pati, 
California Institute of Technology—The mass differences 
within iostropic multiplets seem to require rather unnatural 
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corrections due to the electromagnetism. Furthermore, in the 
framework of a strict | AJ| =4-weak interaction, the observed 
rate of K+ — r++-7° seems to be much faster than normally 
expected due to electromagnetic corrections. These lead one 
to examine the possible existence of a new class of isotropic 
spin-violating interactions other than electromagnetism. In 
the present context, it is only of interest if the strength of these 
interactions is intermediate between those of electromagnetic 
and strong interactions. The observed conservation laws in 
different processes would require that these interactions should 
conserve parity and strangeness. Specific examples of such 
interactions, their compatibility with the present experiments, 
and verifiable consequences will be discussed. If such inter- 
actions exist, it would appear that each type of elementary 
particle-interaction possesses a partner with similar conserva 
tion properties, but slightly different strength. This seems to 
be the case in the strong and weak interactions. In the former 
the pion and the K-meson interactions, while in the latter the 
AS=0 and the |AS| =1-interactions seem to form the 
partners. There may be an analogous isotopic spin violating 
partner of electromagnetism. 


MBi12. “De Divina Proportione” in the Physical World. 
NicHoLas Efremov.—The universal significance of the rules 
of “‘divinae proportiones’’ can be clearly demonstrated on the 
many patterns observable in the physical world. The applica- 
tion of these rules of ‘“‘divinae proportiones’’ in combination 
with the rules of sequential series can explain many phenomena 
and particularly the sequence of the chemical elements in the 
rare gases and triplet element groups in the P.S. of chemical 
elements, such as: He-Ne-A-Fe-Kr-Ru-Xe-Os-Rn, or such 
sequence of the atomic numbers: 2, 10, 18, 26, 36, 44, 54, 76, 
86. The atomic number proportions between successive pairs 
of these elements, e.g.: He: Ne=2:10=0.2, Ne:A=10:18= 
0.555, Fe: Kr =0.722, Kr: Ru =0.818, Ru: Xe =0.814, Xe:Os = 
0.710, Os: Rn =0.883 cna be expressed by the coefficients 0.2, 
0.555, 0.722, etc. The mean value of the coefficients in this 
series is 0.672. This mean coefficient is close to 0.667—the 
coefficient expressing the simplest proportion in the “‘proportio 
divina”’ series, which is 2:3 =0.667. It is noteworthy that the 
regularity of the series of so-called ‘magic numbers”’ 
82, 126) can be explained on the basis of the same rules. It is 
clear that coefficients expressing the proportions between 
successive pairs of these magic numbers, such as 50:82 =0.609 
or 82:126 =0.650 approximate those which occur in “‘proportio 
divina”’ series. 


(e.g., 50, 
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(R. S. MULLIKEN presiding) 


Moiecules 


Nl. Centrifugal Stretching and Stark Effect of CCIF;.* 
R. C. Jounson, T. L. WEATHERLY, AND QUITMAN WILLIAMS, 
Georgia Institute of Technology.—A recent investigation’ on 
CCI1;F yielded a negative value for Dy; which varied with J. 
Centrifugal stretching of CCI*F; was examined because of 
bonding similar to CC1;F. The J =1 —> 2 through 4 — 5 transi- 
tions were measured. Absorption lines for J=2 — 3 and 3 + 4 
have been reported? previously ; however, the 2 —> 3 data are 
believed to be slightly in error. Present data yield By = 3335.60 
Mc, eQqg= —78.07 Mc, Dsy = +0.58 kc and Drx = +1.99 kc; 
neither distortion constant exhibited J dependence. A Taylor's 
expansion of energy illustrates that distortion coefficients are 


constants by definition ; contrary behavior should be accounted 
for by considering higher-order terms. The CCI;F data! are 
inconsistent even when second-order terms are considered 
Agreement between calculated and measured distortion con- 
stants is fair for several XYZ; molecules. Exceptions are 
CHCI,; and CFC, the only molecules involving three identical 
nuclei with spin 3/2. Stark effect measurements for J =1—> 2 
yielded a dipole moment of 0.499+0.002 debye. 

* Supported in part by the Office of Naval Research and the National 
Science Foundation. 

1M. W. Long, Q. Williams, and T. L. Weatherly, J. Chem. Phys. 33, 508 


(1960). 
? D. K. Coles and R. H. Hughes, Natl. Bur. Standards (I 
518, 9 (1952). 


S.), Cire. No 
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N2. Rotational Magnetic Moments of LiH and LiD.* 
Tuomas R. LAWRENCE, CHARLES H. ANDERSON, AND NORMAN 
F. Ramsey, Harvard University—The rotational magnetic 
moments of LiH and LiD were measured in a molecular beam 
magnetic resonance experiment. The values obtained are 
ur/J = —0.640+0.005 nuclear magneton for LiH and ur/J = 
—0.267+0.005 nuclear magneton for LiD. These are average 
values over all the rotational and vibrational states. The full 
width at half-height of the resonance curves is about 140 kc 
for LiH and 80 kc for LiD with an intrinsic linewidth of about 
40 kc for the rf coil. The magnitude of the electric dipole 
moment calculated from these values of the magnetic moments 
is 5.7+0.4 debye which agrees with the more precise deter- 
mination by Wharton et al.! in a molecular beam electric 
resonance experiment. The sign of the electric dipole moment 
is found to be that corresponding to a plus charge on Li and 
a negative charge on H as expected theoretically? but not 
previously determined experimentally. 

* Supported in part by the Office of Naval Research. 

1Lennard Wharton, L. Peter Gold, and William Klemperer, J. Chem. 
Phys. 33, 1255 (1960). 


2? R. P. Hurst, James Miller, and F. A. Matsen, J. Chem. Phys. 26, 1092 
(1957). 


N3. Large Rotational Magnetic Moment of NO.* SuNNEY 
I. CHAN AND Mitton R. BAKER, Harvard University.—A 
recently constructed molecular beam magnetic-resonance 
apparatus designed primarily for the study of '2 molecules has 
been modified for the investigation of paramagnetic molecules 
and gaseous free radicals. Our initial studies have been of the 
Zeeman effect of the 2x4 state of the molecule NO. The rf 
resonance spectrum observed in a magnetic field of 210.0 gauss 
consists of a doublet, whose center of gravity corresponds to 
an average magnetic moment of 0.0263 wo and whose splitting 
corresponds approximately to 0.002 wo. These results are in 
agreement with those reported by Mizushima, Cox, and 
Gordy.! However, a large number of molecular rotational 
states contribute to our spectrum. A perturbation treatment 
due to Van Vleck gives an average magnetic moment of 
0.0281 woX[1—($)/J(J+1)] for each rotational state and 
satisfactorily accounts for the gross features of the spectrum. 
The magnitude of the doublet separation, however, has not 
been satisfactorily explained. This work is presently being 
extended over a wide range of magnetic fields. 


* Work supported by the National Science Foundation and by the joint 
program of the Office of Naval Research and the U. S. Atomic Energy 
Commission. 

1M. Mizushima, J. T. Cox, and W. Gordy, Phys. Rev. 98, 1034 (1955). 


N4. Interaction of Coriolis Forces and Internal Rotation in 
Symmetric Rotor Molecules.* Victor W. Laurie, Stanford 
University.—Through the effect of the internal angular mo- 
mentum on rotational microwave spectra, it has been possible 
over the past few years to obtain precise values for the poten- 
tial barriers hindering internal rotational in a large number 
of molecules. Unfortunately, the selection rules for symmetric 
rotor molecules generally permit observation of only rather 
indirect effects of internal rotation and the determination of 
barrier heights is much more difficult. It will be shown, how- 
ever, that for the case of molecules in excited degenerate 
vibrational states, the presence of vibrational angular momen- 
tum allows a more direct determination of the internal 
rotation barrier. The ‘‘/-type doubling’”’ may be thought of as 
a pseudo-asymmetry which allows internal rotation to directly 
split rotational transitions. 


* Supported in part by the National Science Foundation. 
NS. Triplet-Singlet Luminescence from Methylated Ben- 


zenes in the Crystalline State and in Rigid Glass Solutions.* 
H. SPONER AND Y. Kanpa,f Duke University (introduced by 


H. Sponer).—In continuation of earlier studies triplet-singlet 
emission of the following methylated benzenes will be reported 
in their solid phases: mesitylene, durene, hexamethylbenzene. 
The spectra were obtained in rigid EPA solutions at 77°K, 
and in the crystalline state at 77°K and at 4°K. Two different 
spectra were found for mesitylene and durene crystals at 
shorter wavelengths, one representing the genuine triplet- 
singlet emission of the substance, and the other at longer wave- 
lengths belonging to the lowest phosphorescence of an oxyda- 
tion product. Hexamethylbenzene crystal exhibits only one 
spectrum at any temperature. No solution spectrum was 
obtained of the last substance because of its poor solubility. 
For an interpretation of the observations, various physical 
and photochemical processes will be discussed taking place in 
these crystals upon light illumination. 
* Supported by the National Science Foundation. 


t Present address: Chemistry Department, Science Faculty, Kyushu 
University, Fukuoka, Japan. 


N6. Phosphorescence Lifetime Studies in Methylated 
Benzenes at Low Temperatures.* D. OLNESS AND H. SPONER, 
Duke University (introduced by H. Sponer).—Triplet-singlet 
decay curves from several methylated benzenes have been 
studied in the crystalline phase at temperatures of 4.2°K 
and higher, and for comparison in rigid glass solutions at 77°K. 
The decay from true dilute solutions was found to follow an 
exponential law, while that from the crystals was always non- 
exponential. In general, the later portions of all of these decay 
curves were nearly exponential. When the mean _ half-life 
measured in these later portions was plotted as a function of 
temperature, the lifetime decreased with increasing tempera- 
ture as log!/T, throughout the temperature region studied. 
Various interpretations concerning the causes of the non- 
exponential decay and the change in general shape of the decay 
curves with temperature will be discussed. 


* Supported by the Office of Ordnance Research. 


N7. De-excitation of Molecular Vibration by Collision. 
ERNEST BAUER AND F. W. CUMMINGS, Aeronutronic.—We 
have calculated the reaction rate for a vibrationally excited 
diatomic molecule to be de-excited by collision with another 
atom or molecule, the second particle carrying away the excess 
vibrational energy as kinetic energy. The quantum mechanical 
perturbed stationary state method is used in the “Modified 
Wave Number” approximation, and anharmonicity in the 
vibrational motion is taken into account both in the choice of 
vibrational wave functions (Morse functions) and in the inter- 
action potential. The calculation is applied to the reaction 


N,(a'x,;v) +N2(X) => N2(a'x, ;v’ <v) +.N2(X) 


kinetic energy 


for the vibrational transitions v=5 to v’ =4, 3, 2, 1, 0, and for 
v=2 to v’'=0 and v=1 to v’=0, for the temperature range 
300-6000°K. The results show clearly that in a situation of 
this kind the collisional de-excitation of the molecular vibra- 
tion proceeds in steps v—v’ = v=1, rather than dv>1. 


N8. Energy and Character of the Lowest Excited Singlet 
State of Acetaldehyde.* K. K. INNES AND L. E. GIppDINGs, JR., 
Vanderbilt University —Low dispersion absorption spectra of 
CH;CHO vapor at 300°K and at 523°K were recorded photo- 
electrically between 2300 and 3500 A. (Maximum absorption, 
2970 A.) All bands were found to be equally sensitive to 
temperature. It is concluded that all important bands originate 
from the lowest vibrational level of the ground electronic state. 
The origin of the transition is therefore at energies at least as 
low as that of the longest wavelength (weakest) band observed, 
that is, near 28700 cm. It then follows from available 
measurements that the vibrational assignments are entirely 
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analogous to those recently made for the corresponding transi- . 


tion of the isoelectronic molecule, HCOF. In particular, the 
prominent upper-state frequencies are those of the CO stretch- 
ing mode and of the out-of-plane mode of the CCHO skeleton. 
The skeleton is evidently nonplanar in the excited electronic 
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state. Further evidence that the origin is near 3483 A is found 
in an emission spectrum! which extends to wavelengths as 
low as 3500 A. 

* Supported by the Office of Ordnance Research with 


the Advanced Research Projects Agency. 
1G. W. Robinson, J. Chem. Phys. 22, 1147 (1954). 


funds provided by 
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(B. COHEN presiding) 


Nuclear Reactions, V 


NAI. (p,p'7) Spectra for Ni®, Ni®, and Ni®.* P. N. TREHAN 
AND D. M. VAN Patter, Bartol Research Foundation.—lso- 
topically enriched targets of Ni®8(99.9%), Ni®(99.8%), and 
Ni®(98.0%) on 8-mil Au backings were bombarded by pro- 
tons with Z,=3.4—-5.2 Mev, and y-ray spectra with E,>0.6 
Mev were investigated. In the case of Ni5’, only y rays of 
1.01 and 1.45 Mev (+1%) were seen. Gamma-rays of 0.83, 
0.95, 1.33, 1.79, 2.16, and 2.28 (weak) Mev (+1%) were ob- 
served from Ni®. The branching ratio of the second 2+ level 
of Ni® at 2.16 Mev has been measured as 0.14+0.02, which 
differs from earlier radio activity measurements. In the case 
of Ni®, y rays of 0.88, 1.17, 1.73, 2.05 (weak) and 2.30 Mev 
(+1%) were observed. The branching ratio for the 2.05-Mev 
level is estimated as 0.060.015. The observation of a promi- 
nent 2.30-Mev y ray appears to eliminate the possibility of 
0+ for the 2.30-Mev level of Ni®. Knowledge of the level 
schemes of these nickel isotopes indicates that all the y rays 
listed should be assigned to the (p,p’y) reaction. The excitation 
curves for some prominent y rays of Ni® and Ni® have been 
measured. 


* Supported by the U. S. Air Force through the Air Force Office of 
Scientific Research of the Air Research Development Command. 


NA2. Deuteron Spectra from the Ni**(p,d)Ni® Reaction. 
C. B. Futmer, C. D. GoopMAN, AND J. B. BALL, Oak Ridge 
National Laboratory.*—Deuteron spectra from (p,d) reactions 
induced by 22-Mev protons on Ni* were measured experi- 
mentally. Two distinct shapes of angular distributions are 
observed for the deuteron groups from reactions that result in 
<= 5-Mev excitation of the residual nucleus. In the manner 
previously discussed! we conclude that the two kinds of angular 
distributions correspond to angular momentum changes of one 
and three units, respectively ; we classify the states accordingly. 
Peaks that result in less than ~2.5-Mev excitation of the 
residual nucleus are characterized by /=1. The first ]=3 peak 
occurs at Q= —10.8 Mev (3.4-Mev excitation of the residual 
nucleus). By comparison with (,d) spectra from Fe isotopes! 
this level is assigned to the pickup of an f7/2 neutron. No 
evidence for a peak near the ground state corresponding to the 
pickup of an fy neutron is observed. The results are consistent 
with neutron-bound states in a spheroidal potential as calcu- 
lated, for example, by Nilsson. This indicates that the Ni* 
nucleus has a prolate deformation. 


* Operated for the U. S. Atomic Energy Commission by Union Carbide 


Corporation. 
1 Ball, Goodman, and Fulmer, Bull. Am. Phys. Soc. 6, 47 (1960). 


NA3. The (a,He*) Reaction on Fe**, Ni®*, Ni®, and Zn*4.* 
T. H. Brarp, J. L. Ynrema, B. ZEIDMAN, AND H. W. Broek, 
Argonne National Laboratory——We have observed the 
X4(a,He*) X ‘4+ reaction from targets of Fe5*, Ni5&, Ni®, and 
Zn“ when bombarded with 43-Mev a particles from the 60-in. 





cyclotron. The reaction products were detected by a pair of 
surface-barrier solid-state counters arranged to measure dE 
and E. The resolution in dE was sufficient to distinguish the 
He? particles from the inelastically scattered a particles. A 
pulse multiplier was used to select particles of the correct 
mZ?=dE XE. In each of these targets we observe two strong 
groups. In the case of Zn™(aHe*)Zn®, the group corresponding 
to the more negative Q value is approximately twice as intense 
as the other. We have measured the angular distributions for 
this target from 20° to 42° in the laboratory system. The 
distributions are peaked in the forward direction. 


*Work performed under the auspices of the U. S. Atomic Energy 


Commission. 


NA4. The Cu"*(d,He*)Ni™ and Ni*°(d,He*)Co*® Reactions.* 
J. L. Yntema, B. ZetpMan, T. H. Brain, AND H. W. Broek, 
Argonne National Laboratory.—The (d,He*) reactions have 
been observed in targets of Cu® and Ni® bombarded by 
21.6-Mev deuterons from the 60-in. cyclotron. The detection 
system was that used in the preceding abstract. We observe 
He?’ groups corresponding to the ground state and first excited 
state of Ni* and the ground state of Co®. We have measured 
the angular distribution for both targets from 14° to 32° in the 
laboratory system. The angular distribution of the peak 
corresponding to the Ni* ground state shows a maximum at 
27° and a very sharp rise at small angles while the peak 
corresponding to the Co™® ground state shows a maximim at 
about 23° and falls off slowly towards small angles. The oscil- 
lations in the angular distribution are less pronounced than in 
(d,t) reactions on nuclei in this region. 


* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


NAS. Inelastic Scattering of a-Particles by Ni® and Co*°.* 
H. W. Broek, T. H. Brarp, J. L. YNTEMA, AND B. ZEIDMAN, 
Argonne National Laboratory.—The a-particle spectrum from 
the bombardment of Ni® by 43-Mev a-particles has been ob- 
tained over the angular range from 12° to 42°. A solid-state 
counter was used to detect the particles. The resolution width 
was approximately 1%, primarily because of the energy spread 
of the incident particles. In addition to the 1.33-Mev 2* state 
and the 4.1-Mev 37 state, groups were observed at approxi- 
mately 2.4 Mev, 3.2 Mev, 5.2 Mev, 6.4 Mev, and 7.3 Mev. 
The angular distribution of the 5.2-Mev group shows minima 
at about 28° and 38° and is widely different from those of the 
elastic scattering, the first exicted state, and the 3~ state. An 
assignment of 4+ appears to be the most likely one for this 
group. In the inelastic scattering from Co, an ]=2 transition 
was observed at an excitation of approximately 1.3 Mev and 
a transition with an odd / value to a state at about 3.9 Mev. 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
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NA6. Coulomb Excitation of Levels in Se”. R. L. Rosin- 
son, F. K. McGowan, AND P. H. STELson, Oak Ridge National 
Laboratory.—Levels at 242+6 (doublet), 440-+4, and 515+6 
kev have been Coulomb excited with a particles of variable 
energies ranging from 2.1 to 8.0 Mev. The B(£2)’s for excita- 
tion of these levels are (1.9+0.2), (2.6+0.2), and (0.10+0.02) 
X10-“e? cm‘, respectively. It is interesting to note that the 
sum of these B(E2)'s is very nearly equal to the average B( £2) 
value for excitation of the first 2+ levels of Se7® and Se”. 
Besides the three ground-state transitions, gamma rays with 
energies 87, 161, 203, and 283 kev were observed. Excitation 
curves of the 87- and 161-kev transitions have the same shape 
as that of the 242-kev transitions. Coincidence studies re- 
vealed that the 203-kev gamma ray, which deexcites the 440- 
kev level, is in coincidence with a 242-kev gamma ray but not 
the 87-kev gamma ray. This provides new evidence for the 
previously suggested level doublet at 242 kev.! The angular 
distributions of the 203-, 242-, and 440-kev gamma rays have 
been measured to obtain information on spin and multipolarity 
assignments. 


1 Nuclear Data Sheets, National Academy of Sciences, National Research 
Council, Washington, D. C. 


NA7. Cross Sections for the (f,n) Reaction on Heavy Ele- 
ments. J. P. ScHIFFER,* Argonne National Laboratory, AND 
G. A. Jones, Atomic Energy Research Establishment, Harwell. 
—The A.E.R.E. tandem Van de Graaff accelerator has been 
used to bombard thick targets of nineteen elements ranging 
from atomic weight 138 to 238 with protons of 4-10 Mev. 
The energies were restricted to be sufficiently low such that 
neutron emission was the primary mode of decay for the 
compound nucleus. The neutron yields divided by an integral 
of the barrier penetrability and stopping power yield a quantity 
closely related to the proton strength function. This quantity 
was found to remain constant within +20%, which was ap- 
proximately the experimental error for the targets studied, 
with the exception of U and Th. In these latter cases the re- 
sults are approximately consistent if it is assumed that fission 
is an important mode of decay of the compound nucleus. 


* Work performed while at A.E.R.E. as a John Simon Guggenheim 
Fellow. 


NA8. Cross Sections for the (~,n) Reaction at 9.85 Mev. 
G. A. Jones, Alomic Energy Research Establishment, Harwell, 
AND J. P. SCHIFFER,* Argonne National Laboratory.—The 
A.E.R.E. tandem Van de Graaff accelerator has been used 
to bombard thin targets of Al, Co, Cu, Fe, Ni, Ay, and Sn 
with 9.85-Mev protons. A BF; “long counter’ was used to 
detect the neutrons produced. The cross sections measured 
when combined with charged particle reaction cross sections 
have been compared with optical model predictions of the 
total reaction cross section,! and were found to be in better 
agreement than previous results.2 The angular distributions 
showed slight forward peaking and corrections for this were 
included in the results. The cross sections were measured as 
320 mb for Cu®, 550 mb for Cu®. The results are believed to 
be accurate to +12%. 

* Work performed while at A.E.R.E. 
Fellow. 


1V. Meyer and N. M. Hintz, Phys. Rev. Letters 5, 207 (1960). 
2R, D. Albert and L. F. Hansen, Phys. Rev. Letters 6, 13 (1961). 


as a John Simun Guggenheim 


NA9. Optical Resonance Phenomena. KARL WILDERMUTH, 
Florida State University and Oak Ridge National Laboratory, 
AND R. L. CAROVILLANO, Boston College.*—The purpose of this 
work is to discuss the physical reasons for expecting the ap- 
pearance of optical giant resonances to bea very general feature 
of nuclear reactions. Giant resonances should occur not only 
in the scattering of nucleons on nuclei, but also in the scattering 
of composite particles on nuclei and in certain reaction channels 
of a compound nucleus decay. The main ingredient in our 
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discussion is that the indistinguishability of the nucleons has 
the effect of prolonging the lifetime of the nuclear clusters to 
times of order 10-* to 10-* sec. 


* Oak Ridge Institute of Nuclear Studies Summer Research Participant, 
1960. 


NAI10. A Simple Interpretation of Back-Angle Maxima.* 
N. S. Watt, M.I.T.—In a variety of reactions involving 
incident particles which are strongly absorbed in nuclei pro- 
nounced backward maxima have been observed in the angular 
distributions of the reaction products. Typical of these reac- 
tions are intermediate energy (a,p)'* and (d,p)* reactions. 
Utilizing Blair’s‘ approach of representing the scattering of 
particles in terms of a Fraunhofer diffraction analysis we have 
considered reactions to take place by the emission of waves 
from the back hemisphere (the absorbing surface) of the 
nucleus. In reality this is only a representation of a realistic 
distorted wave analysis of nuclear reactions, but serves to 
establish a simple, physical picture for the process. It should 
be pointed out that this approach is different from both the 
reflection phenomenon of Bulter, Austern, and Pearson and 
the heavy particle stripping analysis of Owen and Madansky. 
Qualitative and quantitative comparison with experiment will 
be made, and the shortcomings of the analysis will be discussed. 


* This work was supported in part by the U. S. Atomic Energy 


Commission. 
1 Klein, Cindro, Swenson, and Wall, Nuclear Phys. 16, 374, (1960). 
2 Nonaka et al., J. Phys. Soc. Japan (to be published). 
+ Elwyn, Kane, Ofer, and Wilkinson, Phys. Rev. 116, 1490 (1959). 
4J. S. Blair, Phys. Rev. 115, 928 (1959). 


NAI11. Fine Structure in the Energy Spectra of (d,a) Re- 
actions in Heavy Elements.* James B. MEAD AND SERGIO 
MICHELETTI, University of Pittsburgh.—High resolution energy 
spectra of (d,w) reactions initiated by 15-Mev deuterons have 
been measured for several heavy elements in the Pb region. A 
gas-ionization chamber and solid-state detector have been 
used to obtain the energy spectra with a resolution of about 
2%. A group of strongly excited levels showing forward peak- 
ing have been found at a few Mev excitation. The energy of 
these fine structure levels is consistant with a mechanism de- 
scribing (d,v) reactions as a two-particle pick-up from shell 
model single particle states.! An attempt has been made to 
explain the observed relative intensities. Angular distributions 
and improved resolution studies using a magnetic spectrometer 
are being undertaken. 

* Work done in the Sarah Mellon Scaife Radiation Laboratory and 
assisted by the joint program of the Office of Naval Research and the U. S. 


Atomic Energy Commission and N.S.F. 
1 James B. Mead and B. L. Cohen, Bull. Am. Phys. Soc. 6, 49 (1961). 


NAi2. Nuclear Resonance Effects in Coulomb Excitation.* 
T. A. Grirry, Rice University, Ann L. C. BlEDENHARN, Duke 
University.—The changes in the Coulomb excitation process 
due to nuclear interactions in the incident and exit channels 
are calculated using first-order perturbation theory for the 
electromagnetic interaction and the Wigner Eisenbud formal- 
ism for the nuclear interaction. In particular, resonances in 
the elastic scattering channel cause modifications of the radial 
integrals which occur in the expression for the Coulomb ex- 
citation cross section. Explicitly, the radial integrals for an 
E2 transition become 


I(l, l+-m) =f drr~[cos5; Fi(m,kir) +sind:Gi(m,kir) ] 
+ [c0S514.m Fi4m(n2,k2r) +5inb14mGi4m(n2,ker) |, 


with a similar expression for other multipole orders. The pre- 
dictions of this theory are compared with the results of Temmer 
and Heydenburg for the reaction Na*(p,p’,7). It is shown that 
the anomaly at E,=870 kev can be explained by taking into 
account the resonance in the elastic scattering of the proton. 
A discussion of the applications of the present calculation to 
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determining phase shifts (including relative phases) and other 
nuclear parameters will be given. 


* Work supported by the U. S. Atomic Energy Commission, the National 
Aeronautics and Space Administration, and the Research Corporation. 


NA13. Coulomb-Distorted (d,p) Angular Distributions as a 
Function of Bombarding Energy.* D. W. MILLER, Indiana 
University, H. E. WEGNER, AND W. S. HAL, Los Alamos 
Scientific Laboratory.—Measurements of the angular distribu- 
tions of six proton groups from the Pb”*(d,p)Pb”’ reaction 
have been performed at 12.5 and 14 Mev. dE/dx and E 
counters were employed for mass separation and energy 
measurement. The states resolved in Pb”? correspond to neu- 
tron capture with orbital angular momentum transfers of 1, 2, 
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4, and 6. These angular distributions will be compared with 
pubiished results by Stokes at Los Alamos (8.30 and 9.05 
Mev), McEllistrem et a/., at Indiana (10.8 Mev), and Cohen 
et al., at Pittsburgh (15 Mev). Of most interest is the ground- 
state reaction (representing p-neutron capture) which shows 
the greatest angular strucure. As the deuteron energy is de- 
creased, the forward peaks in the ground-state angular dis- 
tribution are quickly attenuated, but do not shift angular 
positions markedly. Some results will be shown of distorted- 
wave stripping calculations of these angular distributions 
obtained with the code developed by W. Tobocman and 
adapted for the Los Alamos computers by Blair Swartz and 
L. S. Rodberg. 


* Work supported by the U. S. Atomic Energy C< 


WEDNESDAY MornING AT 10:30 
Cotillion Room, South 
(J. A. HARVEY presiding) 


Neutron Spectroscopy 


Pl. Resonance Parameters for the 130-ev Level in Co*.* 
A. P. Jaty,t H. PaLevsxy, R. E. CHRIEN, AND H. Bovottn, 
Brookhaven National Laboratory.—Accurate determinations of 
the resonance parameters of the 130-ev resonance level in Co™ 
have been made from neutron transmission data using the 
BNL fast chopper and 1024 time-of-flight analyzer. Extreme 
care was taken in the preparation of samples (CoSO, in D.O) 
and in the determination of sample thicknesses. Thin and thick 
samples of 0.569 X10”, 3.53 X10”, and 7.2010” atoms/cm?, 
respectivel,, were used and the results of preliminary area 
analysis yielded the following “best fit’’ parameters: Ey = 130.2 
ev, 2¢!'n =(6.00+0.13) ev, Pf =(5.15+0.25) ev. These results 
are consistent only with the spin assignment J =4, and excludes 
the J =3 possibility. This is to be compared with the previously 
reported work! which was unable to distinguish between the 
two spin possibilities. Direct measurements of the intensity of 
of the capture y rays are being made, which will allow an ac- 
curate determination of I'y, and the related resonance absorp- 
tion integral. 

* Work carried out under the auspices of the U. S. Atomic Energy 


Commission. 
t eens Fellow from Cornell University. 
. P. Seidl et al., Phys. Rev. 95, 493 (1954). 


P2. Fluctuations in Partial Radiation Widths of U*.* 
H. E. Jackson anp L. M. BOLLINGER, Argonne National 
Laboratory.—The distribution of partial widths Ty; of high- 
energy radiative transitions from nuclear states of the same 
spin and parity excited by s-wave neutron capture has re- 
cently been extensively studied. The reported results for U2, 
which indicated that T;; fluctuates only about 11% from the 
mean, are in strong disagreement with the large fluctuations 
observed for other nuclides. To determine whether the differ- 
ence is real or instrumental, the Argonne fast chopper was 
used to measure the relative probabilities for transitions of 
approximately 4 Mev from levels formed by neutron capture 
in the 6.7-, 21-, 37-, and 61-ev resonances of U8, The proba- 
bilities were determined from pulse-height spectra of a single 
large (8 X6in.) NaI (TI) scintillator. A qualitative examination 
of our data gives two results of particular interest. First, 
assuming that only one line is present in the neighborhood of 
4.06 Mev, as was done by the Brookhaven group, we obtain 
relative intensities of 1.37+0.05, 1.17+0.05, 0.75+0.05, and 
0.72+0.05 for the above resonances, values which exhibit 
much greater fluctuations than the previously reported in- 


tensities of 1.13+0.04, 1.02+0.05, 1.03+0.04, and 0.79+0.05 
for the same resonances. Second, our spectra are well enough 
resolved to reveal the presence of three lines between 3.8 
and 4.2 Mev. 


*Work performed under the 
Commission. 


auspices of the U. S. At Energy 


P3. Distribution of Partial Radiation Widths.* L. M. Bor- 
LINGER, R. E. Coté, anp J. P. Marion, Argonne National 
Laboratory.—Important improvements in the available ex- 
perimental equipment have made it seem worth while to repeat 
and extend the previously reported measurements! on the 
partial widths for the high- -energy E1 transitions from states 
formed by neutron capture in resonances of Se77, W'83, Pt!95, 
and Hg™. In the new measurements, the Argonne fast paar 
was operated with a neutron time-of-flight resolution of 0.08 
usec/m, the y-ray spectrometer was a single 8X6 in. Nal(T1) 
scintillator, and the spectra were recorded in a 3-variable 
magnetic-tape recording pulse-height analyzer. The high 
quality of the pulse-height spectra made it feasible to deduce, 
by least-squares curve fitting, the relative widths for high- 
energy transitions to several low-energy states in each nuclide 
Widths were obtained for 3 E1 transitions from each of 3 
initial states of Se7*, for 2 transitions from 5 states of W!*4, for 
3 transitions from 7 states of Pt, and for 2 transitions from 
3 states of Hg™—a total of 46 widths. In agreement with our 
previous results and in contradiction to those of several other 
groups, the data for each of the nuclides studies are consistent 
with a x? distribution with one degree of freedom. 

* Work performed under the auspices of the U. S. Atomic 
Commission. 

i and T. J. Kennett, Phys. Rev 


L. M. Bollinger, R. E. Coté, 
376 (1959). 


P4. Neutron Radiative Capture Measurements. R. C. 
Biock, F. C. Von DER LaGeE, AND L. W. Weston, Oak Ridge 
National Laboratory.—Additional neutron radiative capture 
measurements have been carried out with the 28-in.-diam 
spherical liquid scintillation detector! installed at the 11.5-m 
flight path of the ORNL fast chopper. The radiative capture 
cross sections of ~30 naturally abundant elements in the 
atomic weight range 90<A <200 have been measured from 
-~~200 to 6900 ev with a resolution of 0.17 usec/m. These cross 
sections agree to within 20-25% with the reported Van de 
Graaff results? in the 6000-ev region. Capture measurements 
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have also been made upon thin samples of Co to obtain the 
radiation width of the 132-ev resonance; this width is deter- 
mined to be (0.67+0.15) ev. 


1R. C. Block, Bull. Am. Phys. Soc. 4, 474 (1959). 
? Gibbons, Macklin, Miller, and Neiler, Phys. Rev. 


to be published). 

P5. Measurements with Polarized Neutrons and Polarized 
Target Nuclei.* V. L. Sartor, H. Marsnak, F. J. SHore, 
C. A. REYNOLDs, AND H. Postma, Brookhaven National Labo- 
ratory.—Equipment for measurements with polarized, mono- 
chromatic neutrons and polarized target nuclei has been com- 
pleted and preliminary transmission measurements have been 
made on Ho and In targets. The system consists of a neutron 
crystal spectrometer, and a cryostat for cooling the target 
located on the spectrometer ‘‘arm.’’ Monochromatic, polarized 
neutrons in the energy range from 0.06 to ~10 ev are obtained 
by Bragg reflection from a magnetized 94% cobalt—6% iron 
single crystal. Guide fields serve to maintain the beam polari- 
zation and to rotate the direction of polarization from the 
vertical to the horizontal before entering the target. The 
neutron beam enters the cold target through a re-entrant tube 
in the cryostat. The cryostat consists of a large liquid nitrogen 
Dewar, a liquid helium bath, and a two-stage magnetic refriger- 
ator. The refrigerator is designed to produce target tempera- 
tures in the range of 0.01°K, so that, when necessary, the 
“brute force’? method can be used for producing the nuclear 
polarization. The various solenoids and magnets used for the 
two stages of adiabatic demagnetization, and for the nuclear 
polarization are submerged in the liquid nitrogen bath. During 
the cooling cycle approximately 10 kw are dissipated in the 
liquid nitrogen. 


* Work performed under contract with U. S. Atomic Energy Commission. 


P6. Transmission of Polarized Neutrons Through a Sample 
of Polarized '**Ho Nuclei.* H. Postma, H. Marsuak, V. L. 
SatLor, F. J. SHorRE, aNpD C. A. REYNOLDS, Brookhaven 
National Laboratory.—A polycrystalline sample of holmium 
ethyl sulphate is cooled down to 1.0°K in the cryostat which 
is described in the previous abstract. The !®Ho nuclei (spin }) 
are polarized with the aid of an external magnetic field 
(Rose-Gorter method). The spin Hamiltonian as proposed by 
Bleaney and Baker is used for calculating the degree of nuclear 
polarization along the direction of the applied magnetic field. 
The nuclear polarization for the polycrystalline sample at 
1.0°K is calculated to be 0.15. The nuclei are expected to be 
polarized in the hemisphere of the positive direction of the 
applied magnetic field, because of the positive value of Ar’. 
In order to reduce possible interactions between the Ho** ions 
the applied magnetic field was made large, e.g., 10.4 kilo- 
oersted. The relative difference (T7*—7—-)/(7*+T —) in trans- 
mission with the neutrons polarized parallel (7*) or polarized 
antiparallel (7—) with respect to the applied magnetic field is 
measured for the 3.96-ev resonance to be 2.9+0.1%. Hence the 
spin of the compound nucleus at the 3.96-ev resonance is 
I —4=3. Preliminary measurements for the 12.8 ev resonance 
indicate spin 3 for this resonance also. Depolarization of the 
neutron beam due to the polycrystalline sample was measured 
for an energy of 0.073 ev. 


* Work performed under contract with U. S. Atomic Energy Commission. 


P7. Spin States of Neutron Resonances in Gd'** and Gd'*’, 
A. Stotovy, U. S. Naval Research Laboratory.—By observing 
the interaction of polarized resonance neutrons with a polarized 
target,’ the spin states associated with resonances in gado- 
linium are being studied. The resonances in Gd! at 2.10 ev 
and 2.57 ev were found to have different spin states in spite 
of their identical radiation widths.? In view of the small mag- 
netic moments of the gadolinium isotopes,’ the size of the 
effects observed indicates strong hyperfine coupling, with an 
effective field at the nucleus of about 1.4105 gauss. The 


direction has not been established yet, but by implication, itis 
negative. This would make J =1 for the 2.01-ev level and J =2 
for the 2.57-ev level. Data taken at 0.09 ev indicate that the 
0.031 ev resonance in Gd'5’, which predominates,’ has the 
same spin state as the 2.01-ev resonance in Gd", 


1A. Stolovy, Phys. Rev. 118, 211 (1960). 

2H. B. Moller, F. J. Shore, and V. L. Sailor, Nuciear Sci. and Eng. 8, 
183 (1960). 

3N. IL. Kaliteevskii, M. P. Chaika, I. Kh. Pacheva, and E. E. Fradkin, 
J. Exptl Theoret. Phys. (U.S.S.R.) 37, 882 (1959); English translation 
JETP 37, 629 (1960). 


P8. Analysis of the Pu*‘! Total Neutron Cross Section.* 
O. D. Stmpson AND M. S. Moore, Phillips Petroleum Com- 
pany, Idaho Falls.—Transmission measurements of 81% en- 
riched Pu*' samples were made with the MTR fast chopper 
from 0.02 ev to 2 kev. The data below 12 ev have been analyzed 
using the multilevel formula of Reich and Moore, assuming the 
resonance asymmetries are due to interference in a small 


TABLE I. 


Level Ey 


(A) (ev) 


Relative signs 
(Pra yy? 


Tn Myst Pye Thy 
(10%ev) (10%ev) 10%ev) (10% ev) 


1 —0.160 0.0725 40 
2 0.264 ~=0..101 7 40 
3 4.28 0.255 : 40 
4 4.56 0.194 40 
5 5.91 1.020 s 40 
6 6.94 0.218 0 . 40 
7 8.60 0.268 7 40 
8 9.56 0.035 0 40 
9 10.20 0.400 1000 0 40 





*Work performed under the auspices of the U. S. Atomic Energy 
Commission, 


number of fission channels. The analysis is interpreted as 
evidence that there is a spin-state dependence of the size of 
the fission widths. The data are well described by the param- 
eters in Table I. 


P9. Improved Li*’-Loaded Glass Scintillator for Neutron 
Detection. G. G. SLAUGHTER AND F. W. K. Firx,* Oak Ridge 
National Laboratory, AND R. J. GINTHER, Naval Research Labo- 
ralory.—A cerium activated, Li®-loaded, glass scintillator of 
improved scintillation efficiency and Li® content has been 
developed and used for detecting neutrons with energies from 
1 ev to 80 kev by time-of-flight techniques. The following 
properties of a Li® glass scintillator were determined: (1) an 
efficiency of 30% for detecting 1 kev neutrons, (2) a resolution 
of 18% for the Li*(n,a)T peak, and (3) a time resolution 
=5X10~ sec using a “fast-slow” coincidence system. The 
neutron spectrum from the reaction Li’(p,n)Be? has been 
measured using the ORNL pulsed Van de Graaff and the 
associated nanosecond time-of-flight equipment. The neutron 
energies extended from 5 to 80 kev. Total neutron cross section 
results up to 5 kev demonstrate the use of the detector with a 
fast-chopper neutron spectrometer. Lithium- and boron-loaded 
glass scintillators have been compared and it is concluded 
that lithium glass is, in general, the more suitable for neutron 
detection. 


* Now visiting O.R.N.L. from A.E.R.E., Harwell, England. 


P10. Interference between Radiative Transitions.* RK. E. 
Coté anp L. M. BOLLINGER, Argonne National Laboratory.— 
Interference between neutron scattering! resonances and be- 
tween the fission? components of neutron resonances has been 
shown to exist, but heretofore measurement of the radiative 
capture associated with neutron resonances has shown no such 
effect. It has been argued that this lack of interference is the 
natural result of the many channel processes associated with 
radiative de-excitation of the compound nucleus formed by the 
capture of a neutron, and that if a single radiative transition 
could be studied interference would be observed. The present 
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measurements show that this is indeed true. A study of the 
intensity of the 7.92-Mev transition of Pt! throughout the 
region of energy dominated by the two resonances at 11.9 and 
19.6 ev shows a distinct departure from the intensity expected 
on the basis of two noninterfering resonances. Moreover, 
preliminary computations indicate that the data are consistent 
with a single-channel process. These studies were carried out 
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with the Argonne fast chopper in conjunction with a 6X8 in. 
Nal(TI) scintillator and a pulse analyzer which stores the 


relevant pulse heights and time differences on magnetic tape. 
* Work performed under the auspices of the U. S. Atomic Energy 
Commission. - } 
1L, M. Bollinger, D. A. Dahiberg, R. R. Palmer, and G. E. Thomas, 
Phys. Rev. 100, 126 (1955). 
2 


R. E. Coté and L. M. Bollinger, Bull. Am. Phys. Soc. 1, 328 (1956). 


WEDNESDAY MORNING AT 9:45 


Sheraton Hall 


(J. A. VAN ALLEN presiding) 


Invited Paper 
PAI. Recovery and Study of Nuclear Emulsions from Orbiting Satellites. HERMAN YaGopa, Air 


Force Cambridge Research Laboratories. (30 min.) 


Cosmic-Ray Studies with Satellites 


PA2. Star-Producing Radiations in Emulsions Recovered 
from Polar Orbits. R. Fitz Aanp HERMAN YaGopa, AF Cam- 
bridge Research Laboratories.—An Ilford GS block 1015 cm 
weighing 774 g launched into a polar orbit on December 7, 
1960, received a total trans-atmospheric exposure of 3.124 days 
during a period of quiescent solar activity. The instrument 
capsule recovered from Discoverer satellite No. 18 made 48 
orbits around the earth with apogees of 688 km and perigees 
of 232 km. The minimum absorber path over the emulsions 
was 1.9 g cm™*. Preliminary estimates of stars with N,S3 
indicate an accumulation of ~20 000 cc™ which is about twice 
greater than that anticipated from counter data and emulsions 
flown in rockets from sites whose geomagnetic latitudes ex- 
tended between the equator and the polar regions. The slope 
of the star spectra indicate a component of low-energy star- 
producing radiation which may originate in the fringes of the 
lower Van Allen belt, or low-energy protons arriving in the 
polar regions. 


PA3. Low-Energy Heavy Primary Component Recorded in 
Emulsions Recovered from Polar Satellite Orbits. K. Fuku! 
AND HERMAN YaGopa, A F Cambridge Research Laboratories.— 
The emulsion block recovered from Discoverer No. 18 is being 
studied for the tracks of heavy nuclei Z$6 which stop by 
ionization in the recording medium. A preliminary estimate of 
10.9+1.5 cc™ corresponds to a rate of 7.95+1.8 cc™ day on 
the basis of flight duration over latitudes $50°N and S. Ina 
balloon flight at 140 000-ft elevation launched at Minnesota 
July 29, 1960, the emulsions recorded 7.84+2.3 heavy primary 
thindown tracks cc™ day indicating that the flux does not 
increase appreciably at geomagnetic latitudes >55°N or S. 
On the Discoverer No. 17 satellite, which was launched into a 
3+solar flare on November 12, 1960, the emulsions were 
severely underdeveloped to a point permitting recognition of 
terminating heavy primaries. These are estimated at 13+3 cc™! 
day suggesting that the flux of slow heavy primaries remains 
essentially unaltered during a major solar flare. 


PA4. Air Masses and Effective Solid Angles Traversed by 
Cosmic Radiation at Satellite Elevations. Joun T. A. Ety, 
AF Cambridge Research Laboratories (introduced by Herman 
Yagoda).—To correlate cosmic-ray counting data from high- 
altitude satellites and probes with balloon measurements made 
near the top of the atmosphere, a knowledge of the effective 
solid angle w(H,L) for radiation crossing the atmosphere with 
a mean free path L and a zenith direction @ must be known. 


To calculate m(H,0) up to 700 km, line integrals were made 
using the atmospheric densities from the ARDC Model Atmos- 
phere (1959) based on satellite retardation. The integrals in 
the expression 


wo( HL) = 2x f° (Ea; ro( Xj) exp( —X 1) sindade, 

0 jkn 

where X;=m(H,0)/L;, have been evaluated on the 709 com- 
puter for values of L between 10 and 120 g cm~. The flat 
earth assumption of the gross transformation and gold integral 
is not employed in the calculation of w(H,Z). Application of 
these parameters for normalizing cosmic-ray measurements at 
varying altitudes above a circular earth will be described. 


PAS. Explorer VII Observations of Solar Cosmic Rays, 
November 12-23, 1960. J. A. VAN ALLEN, State University of 
Iowa.—The time history of the incidence of solar cosmic rays, 
their absolute intensities, and the latitude dependence of their 
arrival have been studied for the period November 12-23, 
1960. Representative preliminary data on the absolute omni- 
directional intensity J» of protons (E>30 Mev) plus alpha 
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particles (E>120 Mev) are given in Table I. The time integral 
of Jo for the period November 12-16 was ~10° cm~*. The lati- 
tude dependence will be described and discussed. 


PA6. Tritium in Recovered Satellite Material. E. L. Fire- 
MAN, J. DEFELIcz, AND D. TILLEs, Smithsonian Astrophysical 
Observatory.—The radioactive isotope tritium (12.4 year half- 
life) was measured in iron and in lead from the Discoverer 
XVII satellite. This satellite was exposed to the solar flare of 
November 12, 1960. The tritium content of the iron was 
50+3 decays/kg min, and of two lead samples was 7.5+0.2 
and 24.0+0.5 decays/kg min. The tritium production rate 
averaged over the 50 hr that the satellite was in orbit was 
150 000 tritons/kg min in the iron, and 23000 and 75000 
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tritons/kg min in the lead samples. The largest tritium pro- 
duction rate measured in iron meteorites or in the iron phase 
of stony meteorites is 300 tritons/kg min. The iron from the 
Discoverer XVII contained over 500 times more tritium than 
would be expected from the action of cosmic rays. The ratio 
of tritium to argon-37 production is 2500 in the Discoverer 
XVII iron compared te a ratio of 40 in iron targets bombarded 
by 160-Mev protons and a ratio of 15 in iron targets bombarded 
by 1 Bev protons. The large tritium content probably results 
from tritium in the flare itself. 


PA7. Argon-37 in Recovered Satellite Material. D. TILLEs, 
J. DEFELIcE, AND E. L. FIREMAN, Smithsonian Astrophysical 
Observatory.—The amount of the radioactive isotope argon-37 
(34 day half-life) was measured in iron and in lead from the 
Discoverer XVII satellite and in iron from the Discoverer 
XVIII satellite. Both were in polar orbits; the Discoverer 
XVII was exposed to the solar flare of November 12, 1960 
while in orbit. At the time of recovery, iron in the Discoverer 
XVII satellite contained 2.5+0.3 argon-37 decays/kg min 
corresponding to an average production rate of 5847 argon-37 
atoms/kg min. In the Discoverer XVIII satellite the argon-37 
production was less than 10 argon-37 atoms/kg min in iron 
covered by only 0.5 g/cm? of shileding. The argon-37 production 
rate in the iron meteorite Aroos was 23 atoms/kg min which 
is lower than the rate observed in the iron from Discoverer 
XVII but higher than that of Discoverer XVIII. The argon-37 
production rate in the lead of Discoverer XVII was 4 atoms/kg 
min or less. The results indicate that the flare produced an 
appreciable amount of argon-37 in iron but not in lead. 


PA8. Argon-37 Produced in Stainless Steel from Discoverer 
XVII and XVIII and Its Relation to Meteorites.* R. W. 
STOENNER AND R. Davis, JR., Brookhaven National Labora- 
tory.—Argon-37 production rates were obtained on pieces of 
stainless-steel battery case carried by Discoverer XVII and 
XVIII. During the flight of Discoverer XVII a solar flare of 
Importance 3+ occurred, with associated increases in cosmic- 
ray neutron intensities.! The argon-37 activities observed were 
as follows: Discoverer XVII, 3.2+0.4 dis/min™ kg; Dis- 
coverer XVIII, 1.1+0.3 dis/min= kg. The latter value ap- 
proximates that expected from the normal cosmic-ray proton 
intensity outside the earth’s atmosphere. The greater argon-37 
activity found in Discoverer XVII results from solar flare 
protons. Argon-37 is a high-energy spallation product with a 
threshold of about 200 Mev. From the production cross section 
as a function of the energy, and the observed argon-37 in 
Discoverer XVII, the high-energy flare proton intensities can 
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PA AND 
be evaluated. The results obtained can be related to argon 
activities observed in meteorites. 

* Research performed under the auspices of the U. S. Atomic Energy 
Commission. 


1M. A. Pomerantz, S, P. Duggal, and K. Nagashima, Phys. Rev. Letters 
6, 123 (1961). 


PA9. Radioactivity Produced in AgBr Emulsion Block 
Carried on Discoverer 17.* J. T. Wasson, P. J. DREVINSKy, 
AND M. I. KALKSTEIN, Air Force Cambridge Research Labora- 
tories.—Scintillation-spectroscopy measurements on an emul- 
sion block (containing 330 g Ag) from Discoverer 17, which 
was flown during a period of high solar cosmic-ray activity on 
November 12, 1960, reveal a gamma-ray spectrum attributable 
to 8.4-day Ag"*®. The disintegration rate, corrected to a prob- 
able production time of 2100 UT, November 12, 1960, is 
14 dis/sec. If one assumes a (p,pm) cross section of 100 mb, 
this corresponds to a total dosage within the emulsion of about 
1.6X10* protons/cm*. An attempt to measure the gamma 
spectrum of 40-day Ag™® was unsuccessful, allowing the assign- 
ment of an upper limit on the disintegration rate of 1 dis/sec 
at the time of production. A search for 1.3-year Cd" is 
under way. 


* Supported in part by the U. S. Atomic Energy Commission. 


PA10. Induced Radioactivities in Pb Carried on Discoverer 
XVII.* R. W. Dopson, G. FRIEDLANDER, J. HupIs, AND 
O. A. SCHAEFFER, Brookhaven National Laboratory.—A sheet 
of lead ballast 7 g/cm? thick carried in the nose cone of Dis- 
coverer XVII was obtained. From one portion of the entire 
thickness of the lead a bismuth fraction was isolated and ex- 
amined for x rays resulting from electron capture decay of 
Bi (14 day) and Bi®* (6 day). A small but real counting rate 
was observed whose decay was compatible with a 14-day 
half-life. Extrapolating back to the time of recovery the ac- 
tivity would correspond to 0.5 dpm of Bi?’/g of Pb. From 
the known excitation functions of the p,xn reactions on lead 
isotopes one can conclude that this Bi®® activity resulted 
largely from protons of between 50 and 100 Mev. Bi, Hg, and 
Tl were isolated from a surface sample 1 g/cm? thick. The 
measurements on the thallium fraction indicated less than 
0.06 dis/min of Tl”?/g of Pb at time of recovery. The mercury 
fraction showed a 8 activity compatible with 0.004 dis/min of 
Hg®’/g of Pb at time of recovery. The bismuth samples are 
being counted by x-y coincidences. The implications of these 
results with respect to the intensity and spectrum of the solar 
flare protons will be discussed. 


* Research performed under the auspices of the U. S. Atomic Energy 
Commission. 


WEDNESDAY MorRNING AT 10:00 


National Bureau of Standards, East Building 


(F. N. FRENKIEL presiding) 


Fluid Dynamics 


Ql. Simplified Approach to Non-Newtonian Fluid Flows in 
Channels and Pipes. CH1EH C. CHANG, Aerospace Corporation, 
AND P. RAMANAIAH,* University of Minnesota.—The laminar 
channel and pipe flows of an incompressible, non-Newtonian 
fluid for the steady state are studied. According to an approxi- 
mation of the rheological relation of the non-Newtonian fluids 
suggested by the authors, the viscosity variation with velocity 
gradient can be represented by a power law for moderate 
velocity gradients, whereas at high and low values of the 
velocity gradient the viscosity coefficient remains constant 


equal to uw. and yo, respectively. Expressions for the velocity 
in different regions are obtained. A practical example is given 
and is compared with an equivalent Newtonian flow problem. 


* Supported by U. S. Atomic Energy Commission and the National 


Institutes of Health. 


Q2. Stability of Spiral Flow. H. A. SNYDER, University of 
Chicago.—The hydrodynamic stability of flow between rotat- 
ing coaxial cylinders with a superposed axial pressure gradient 
has been studied experimentally. The apparatus is designed to 
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fulfill the assumptions used in deriving existing theories. The 
stability curve of the critical Taylor number T vs axial 
Reynolds number R has been determined to an accuracy of 1% 
up to R=250. It is shown that this curve has a linear slope of 
AT/AR=58 at R=0. At flow rates greater than R=20 the 
curve is nearly linear with a slope of AT/AR=109. There are 
measurable and physically significant departures from this 
curve of up to 8% in T. The Taylor cell widths and their speed 
of propagation at marginal stability have been measured for 
R<100. A rough determination of the boundaries in the 
T,R-plane between various stable normal modes of secondary 
flow has been made. The results are compared with calculations 
by S. Chandrasekhar and by R. DiPrima. 


Q3. On Simulation Studies of Motion of Bodies in Ionized 
Atmosphere.* K. P. CHopra, Polytechnic Institute of Brooklyn. 
—The principle of dimensional similitude is applied to the 
laboratory model studies of the motion of bodies in an ionized 
atmosphere pervaded by a magnetic field. The correspondence 
relationships of the various characteristic physical parameters 
in the actual and laboratory scale are obtained. It is shown that 
the scaling relationships satisfy the conditions of electro- 
dynamic, magnetohydrodynamic and aerodynamic similitude. 
These relationships indicate that it is not necessary to obtain 
atmospheric densities in the laboratory. By adopting a suitable 
scaling factor it should be possible to simulate flight conditions 
corresponding to upper atmosphere of the earth. Details of a 
suggested experimental arrangement in a hypersonic wind 
tunnel are described. 

* Supported by U. S. Air Force Office of Scientific Research. 


Q4. Fall of Small Particles or Heavy Molecules Through 
the Upper Atmosphere.* H. L. Davis AND JoHw R. BANISTER, 
Sandia Laboratory.—We have computed the passage of sma! 
particles or heavy molecules through the upper atmosphere, 
taking account of both the fall rate and diffusion. For this 
calculation, which is carried out on a IBM 704 computer, we 
have assumed that the atmosphere is stagnant, isothermal, 
and has an exponential dependence of density upon the height. 
Using a fall rate expression derived from the steady state dis- 
tribution and the usual diffusion coefficient, we find that the 
material injected in arbitrary profile is soon transposed into a 
profile which remains unchanged as the material passes down 
through the atmosphere. The descent rate of this profile is 
that of the fall rate of the particles at the maximum concen- 
tration, while the characteristic dimension of the profile is 
related to the e-fold distance. The behavior indicated by the 
704 calculations is not unexpected and may be anticipated 
using qualitative arguments. Use of these qualitative argu- 
ments also allows a powerful generalization of the specific 
calculations. An approximate argument indicates that passing 
through a turbulerit layer would not seriously affect the later 
distribution of material. 


* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 


Q5. Neutral Shock Wave Structure. S. ZiERING AND F. Ex, 
Allied Research Associates—The bimodal method of Mott- 
Smith' and the two-fluid approach of Glansdorff? have been 
extensively modified to yield a description of neutral shock 
waves spanning the domain from weak to infinitely strong 
shocks. The results, in contrast with the bimodal or two-fluid 
approach, are substantially in agreement with the Navier 
Stokes analysis for weak shocks (M <1.2). There is also good 
agreement with the experimental results of Anderson and 
Hornig® as well as Sherman and Talbot.‘ 

1H. M. Mott-Smith, Phys. Rev. 82, 885 (1951). 

2 P. Glansdorff, ‘‘The thickness of shock waves by the two-fluid model 
theory extended to rarefied gases,"’ abstracts of the Second International 

Rarefied Gas Dynamics, Berkeley, California, (1960). 

3W. H. Anderson and D. F. Hornig, Mol. Phys. 2, 49 (1959). 

4F. S. Sherman and L. Talbot, Rarefied Gas Dynamics (Pergamon Press, 
New York, 1960). 
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Q6. Calculations of Four Shock Intersections. \V. R. Smiru, 
Lehigh University.—The perfect gas flow parameters associated 
with the two-dimensional stationary flow configuration of four 
plane shock waves intersecting at a point have been calculated 
using a Royal McBee LGP-30 computer for a gas specific heat 
ratio y=1.4. Four shock configurations arise from the mutual 
reflection of an initial pair of shock waves of arbitrary strengths. 
The ratio of one initial shock strength to the other used in the 
calculations ranged from 1 to 100 in terms of the pressure 
ratios across each of the initial shocks, and the strength of the 
weaker wave ranged between 1.1 and 100. Calculations were 
made at 10° intervals over the entire range of incidence for 
which the four shock configuration was possible. The weak 
solution for the configuration was entirely machine calculated 
along with its extreme angle. The sonic angles were calculated 
by graphical interpolation. Solutions for other than the weak 
solution were found graphically from machine calculated shock 
polars. A new family of solutions has been discovered which 
exists for certain ranges of initial unequal shock strengths 
and angles. 


Q7. Effect of Boundary-Layer Growth in a Shock Tube on 
Shock Reffection from a Closed End.* GreorGE RUDINGER, 
Cornell Aeronautical Laboratory.—The pressure behind the 
primary shock wave increases slightly with time because of 
boundary-layer growth.' It is shwon that this rise is consider- 
ably magnified by the reflected shock. Analysis of the inter- 
action of the latter with the boundary layer yields information 
on the shock configuration,? but the combined effect of the 
waves produced by the growing boundary layer along the 
entire shock tube must be considered to obtain the conditions 
in the gas behind the reflected shock. The flow field behind the 
incident shock is computed on the basis of the theory of Mirels 
and Braun,* modified to allow for the effects of a nonideal 
shock-tube diaphragm. Standard wave-diagram procedures are 
simplified to compute the pressure rise behind the reflected 
shock without having to prepare a complete wave diagram. 
Experimental observations of the pressure rise, obtained for 
shock pressure ratios up to about 4.5, are in good agreement 
with the computed results. 


* Work supported by the Office of Naval Research through Project 
SQUID. 

1R, J. Emrich and D. B. Wheeler, Jr., Phys. Fluids 1, 14 (1958) 

2H. Mark, Natl. Advisory Comm. Aeronaut. Tech. Mem. 1418 (1958). 


3H. Mirels and W. H. Braun, Natl. Advisory Comm. Aeronaut. Tech. 


Notes 4021 (1957). 


Q8. Experimental Study of the Flow Field in a MAST of 
Large Radius Ratio. J. C. Kecx, F. FisHmMan, anp H. E. 
PETSCHEK, Avco-Everett Research Laboratory.—The magnetic 
annular shock tube, MAST, is among the most promising 
devices for producing high-temperature high-velocity plasmas 
In analyzing the performance of this device, the assumption of 
one-dimensional flow has been made.' This leads to the paradox 
that while the dynamic pressure across the shock wave is 
independent of radius r the magnetic pressure across the driv- 
ing current interface decreases as 1/r? and thus the two cannot 
balance. In an effort to establish the true pattern of the flow, 
measurements are being carried out in shock tubes with various 
radius ratios utilizing optical, electrostatic, and magnetic 
probes. The initial measurements have been conducted in a 
MAST having an inner radius of 1 in. and an outer radius of 
3 in. It has been ascertained that in such a device, the current 
interface has the form of a paraboloid of revolution with the 
inner edge leading the outer by 2.5 in. The velocity of the 
current interface is such that the dynamic and magnet pres- 
sures balance at the inner radius. Efforts to detect the shock 
wave preceding the current interface have been unsuccessful, 
although the possibility of a detachment distance less than 
1 cm has not been ruled out. The above observations can be 
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explained and the shape of the current interface calculated by 
matching a Newtonian pressure distribution to the magnetic 
pressure distribution. We would like to emphasize that these 
observations for a MAST of large radius ratio do not imply 
that a similar situation will exist ina MAST radius ratio near 
unity such as that used by Patrick? in the production of colli- 
sionless shocks. The study of the flow in such a MAST is 
currently in progress. 


1N. H. Kemp and H. Petschek, Phys. Fluids 2, 599 (1960). 
2R. M. Patrick, Phys. poten , 589 (1960). 


Q9. Gun Technique for Low Pressure Shock Hydrody- 
namics.* JAMES J. BILLINGS AND F. STANLEY MINSHALL, Los 
Alamos Scientific Laboratory.—Shock waves with pressures 
less than 60 kb can be produced in metals by detonating ex- 
plosives, but with difficulty. The conservation of mass and 
momentum upon impact of two flat pieces of metal of the 
same material permits such shock waves to be produced in 
metals by a gun in which the projectile speed can be varied. 
Some data have already been reported by others.' This paper 
reports the results of a series of experiments designed to test 
a gun to be used for equation-of-state measurements. Free 
surface motion was examined by a combined pin and capacitor 
technique. For 1020 steel the Hugoniot elastic wave velocity 
obtained for pressures of about 50 kb and less varies by as 
much as 5% above and below the value of 6 mm/usec for 
higher pressures obtained by detonating explosives. The sound 
velocity of the target metal was 6 mm/ysec. Gun velocity at 
times of impact seems to have been about 10-4 mm/ysec and 
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with essentially zero acceleration. Maximum projectile tilt was 
about 0.04 ysec/in. 
* Work performed under auspices of U. S. Atomic Energy Commission 
i 


. E,. Gourley, Jr., “Shock-wave compression of iron and bismuth"’ 
(thesis s), University of Texas (1959). 


Q10. Some Experiments With the Liquid Driven Shock Tube. 
E. TERNER, Armour Research Foundation.—The shock tube, 
containing liquid in the driver section, is equipped with heating 
elements such that the liquid can be heated under pressure. 
In the present design, experiments can be carried out in a 
temperature range up to 500°F and under pressures up to 
1000 psi. Pressure gages and thermocouples are provided at 
stations along the tube. The driven section, containing air or 
an inert gas at some suitable pressure, is separated from the 
driver by a special glass diaphragm. If the liquid is heated 
under pressure above its normal boiling point, it will undergo 
a phase transition at decompression due to diaphragm break- 
age. Ordinarily a two-phase jet will discharge into the driven 
section. In the present run of experiments this jetting effect, 
as well as the advance of the boiling front into the liquid at 
decompression, have been recorded with a Fastax motion 
camera. Further the propagation of subsequent reflections of 
the decompression pulse has been recorded in the liquid; rise 
of pressure due to vapor accumulation in the driven chamber 
has been determined together with the density variations in 
the jet discharge into the driven chamber. The experiments 
have been carried out with water as well as some organic 
liquids, and it is shown that the tube can serve as a research 
tool. 


AT 10:15 


North 
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Invited Paper 


QAl1. Interactions between Dislocations in Crystals of Silver Halides. J. W. MitcHeE.t, 


of Virginia. (30 min.) 


University 


General Solid-State Physics, I 


QA2. On the Energy of Formation of Vacancies in Crystals.* 
HENRI AMAR, Franklin Institute Laboratories and Temple 
University.—In order to justify indirectly measured values of 
the energy of formation of a vacancy, experimenters frequently 
quote the quantum mechanical calculation of this quantity by 
HSB (Huntington,! Seitz,? and Brooks* who showed that the 
1.8 ev of HSB should be corrected and reduced to 1 ev). In 
the HSB work, this formation energy is the algebraic sum of 
about ten different and relatively large contributions. A dis- 
cussion of the basic assumptions and approximations of HSD 
is here undertaken, and after some criticism of a general nature 
(Brooks and other authors expressed similar criticisms), 
specific contributions (such as Fermi energy, electrostatic 
self-energy) are singled out and recalculated. This quantita- 
tive analysis clearly shows that the uncertainty in some of the 
items approaches or exceeds the final result. The conclusion is 
that, while the HSB method is qualitatively illuminating, the 
quantitative results are of little value in validating experi- 
mentally measured parameters. 

S. Atomic Energy Commission, 
61, 325 (1942). 


61, 315 (1942). 
(1955). 


* Work supported by the VU. 
1H. B. Huntington, Phys. Rev. 
2H. B. Huntington and F. Seitz, Phys. Rev 
3H. Brooks, Trans. Am. Soc. Metals 47, 1 ff. 


QA3. Growth of Graphite Single Crystals and Aluminum 
Oxide Whiskers.* P. J. BRYANT AND S. L. Levy, Midwest 
Research Institute.—A 2500°C furnace with unuaual tempera- 
ture stability was designed and constructed for the production 
of graphite single crystals. A tungsten heater was employed. 
By the combined use of carbonized cotton for electrical insula- 
tion and lamp black for thermal insulation, it was possible to 
achieve a temperature of 2500°C with an input power of less 
than 1.5 kw. The low thermal loss feature contributes to the 
high temperature stability. Details of the furnace design will 
be discussed. During the production of graphite single crystals 
by the thermal decomposition of aluminum carbide! seren- 
dipity prevailed so that in addition graphite crystals grew by 
deposition from a vapor phase, and a-phase aluminum oxide 
whiskers were deposited. These whiskers grew to a length of 
4 cm while maintaining a uniform cross section of less than 10 u. 

* This research was supported by the U. S. Air Force, monitored by the 
Materials Laboratory, Wright Air Development Center, Wright-Patterson 
Air Force Base, Ohio, 

M. Foster, G. Long, and H. 
( (1958). 

QA4. Lattice Vibrations of Zincblende Structure Crystals.* 

HARVEY KAPLAN AND JOHN J. SULLIVAN, Syracuse University. 


C. Stumpf, Am. Mineralogist 43, 285-296 
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—We report here a calculation of the lattice vibration spec- 
trum of zincblende structure crystals in symmetry directions 
in the Brillouin zone, using the shell model previously used by 
Cochran et al.!? to study germanium and alkali halide crystals. 
The parameters of the model (shell and core charges, shell 
springs and short range force constants) are adjusted to fit the 
elastic, piezoelectric and high and low frequency dielectric 
constants. Care is taken to ensure that the model corresponds 
to zero pressure in equilibrium. The zincblende structure differs 
from the alkali halides in that the polarizabilities affect the 
elastic consant Cy. A comparison calculation using the Born 
and Huang model, which includes long-range but not short- 
range polarization effects, reveals the same instability for 
short wave lengths in the (100) directions as was found earlier 
for the alkali halides.2 Our work will be compared with a 
calculation of Merten’ which used a rigid ion model. 
* Supported in — by oo U. S, Air Force Office of vi Research. 


is eg fos ad ican (London) A253, 260 (1959 
W. Cochran, and B. N. Brockhouse, Phys. Rev. 119, 
980 ‘isco 


3L. Merten, Z. Naturforsch. 13A, 662, 1067 (1958). 


QAS. Dislocations in Silver Chloride Crystals.* Max G. 
MILLER AND LAWRENCE SLIFKIN, University of North Carolina. 
-——Dislocations in silver chloride have been studied utilizing 
two distinct experimental techniques: (a) Dislocations in the 
interior of crystals have been decorated by forming internal 
print-out, using the Haynes Shockley technique; (b) Tensile 
experiments, using a ‘‘hard” tensile machine have been per- 
formed to determine the effect of impurities, defects inducted 
by quenching, and internal print-out on the plastic properties 
of AgCl. The relative contrast of dislocation decoration has 
been found to be extremely dependent on impurity content. 
At the time of writing, no evidence has been found for pile-ups 
or Frank-Read sources of dislocations in strained AgCl, 
although bowed out loops have been observed. In copper- 
doped crystls, the presence or absence of strain aging has been 
found to be dependent upon whether the impurity is in the 
divalent or monovalent state. Crystals containing decorated 
dislocations have been tested in tension and show a slight 
increase in initial yield point. Further similar experiments are 
in progress. Quenching experiments indicate that defects thus 
produced increase the yield point markedly and also decrease 
the rate of work hardening. 


* Supported in part by the U. S. Army Office of Ordnance Research and 
the U. S. Air Force Office of Scientific Research. 


QA6. Point Defect Trapping in Crystal Growth. W. W. 
WEBB, Union Carbide Metals Company.—The problem of 
whether appreciable nonequilibrium concentrations of point 
defects can be trapped in crystals during near-equilibrium 
growth has been considered. A semiquantitative treatment 
based on the established theory of near-equilibrium growth on 
vicinal surfaces indicates that either a supersaturation or 
undersaturation of point defects may result from near-equi- 
librium growth. A dimensionless parameter D,/Rd, where D, 
is the diffusion coefficient for point defects, R is the growth 
rate, and d is the effective interface thickness, describes most 
of the relevant features of the growth conditions. At tem- 
peratures well below the crystal melting temperature large 
supersaturations may be trapped, but near the melting point 
only small undersaturations may be retained. The effects of 
growth-trapped point defects on subsequent dislocation climb 
appear to be significant in solution-grown crystals, in metal 
whiskers, in some vapor-grown crystals, and possibly in melt- 
grown crystals. 


QA7. Calculation of Intensity Variations in Crystalline 
Bragg Scattering Due to Secondary Scattering.* R. I. ScHER- 
MER,t M.JI.T. (introduced by G. Brownell).—Sharp variations 
in intensity diffracted by single crystals have been observed 
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by a number of experimenters, and have been attributed to 
secondary, or multiple, Bragg scattering in the crystal. Several 
authors have shown how the secondary planes responsible for 
the individual variations may be indexed. Renninger! has 
exhibited the intensity calculation for the case of one secondary 
beam, with both primary and secondary beams transmitted 
through the crystal and with no absorption. The introduction 
of absorption, or of reflected beams, complicates the problem 

Here, the equations are derived for » beams moving in arbi 

trary directions in a large slab of absorbing crystal, using the 
same mosaic model as is usually applied to the treatment of 
secondary extinction. The equations are solved by Laplac« 

transform methods, in an approximation in which interaction 
between the secondary beams is neglected. The system prop 
erties are discussed in terms of an electrical analogue. 
will be presented for the variation of the effect with thickness 
and system parameters, and for the shape of the observed 
variations. 


Results 


* Work supported by the Rockefeller Foundation and the U. S. Ator 
Energy Commission. 

¢ Current address: Brookhaven National Laboratory, Upton, New Y 

1M. Renninger, Z. Physik 106, 141 (1937). 


QA8. Proposed Spin Arrangement in $ MnS.* F. KeFrrer, 
University of Pittsburgh.—In 8 MnS each anion is surrounded 
tetrahedrally by four magnetic cations. Any state with the 
four spins summing to zero will have lowest near-neighbor 
antiferromagnetic superexchange energy. Absence of inversion 
symmetry allows a Moriya coupling! of the form D;;-S;xS,, 
with symmetry requiring D;; normal to the plane defined by 
4, j, and the anion. The lowest energy arrangement consistent 
with translation symmetry is then S;=—Sz and both or 
thogonal to S;= —S,. (In crystals considered heretofore, the 
Moriya energy produces only a slight canting.) The observed 
powder neutron diffraction pattern has been interpreted as 
indicating ordering of the third kind with spins normal to the 
ordering axis?; this arrangement however does not have mini 
mum dipolar energy.* The present proposed arrangement leads 
to the same diffraction pattern, and the Moriya energy easily 
overbalances the dipolar. Neutron diffraction in MnS» indi 
cates an arrangement with minimum dipolar energy.? This is 
not surprising since the pyrite structure allows no Moriya 
coupling. 

* Supported by the U. S 

yee age Phys. Rev. 120, 91 (19 

astings, L. M. Corliss, 


2J. M. 
(1956) ; is. 13 (1959). 
3F. Keffer and W. O'Sullivan, Phys. Rev. 


Air Force Office of Scientific Research. 
160). 


and N. Elliott, Phys. Rev. 104, 924 


108, 637 (1957). 


QA9. Anisotropic Superexchange Interaction in $6 MnS.* 
J. J. Pearson, University of Pittsburgh—The suggestion in 
the previous abstract of a Moriya interaction in 8 MnS led to 
the present detailed calculation. Whereas Moriya’s work 
utilized Anderson’s new theory of superexchange and was con- 
fined to ions with one electron in the 3d shell, this calculation 
was performed with more customary superexchange methods 
and for a half-filled 3d shell. The unperturbed state was taken 
to consist of two Mn** ions toegther with their common S 
nearest neighbor, each in a tetrahedral crystal field. The per- 
turbing Hamiltonian contained the electronic spin-orbit inter- 
action and the Coulomb interaction between electrons on 
neighboring ions. The mechanism involved going from the 
ground state to an excited crystal field state on one Mn** ion 
by the spin-orbit effect, then back to the ground state by super- 
exchange between the Mn’s. The direction of the D vector 
was found to be perpendicular to the plane of the three ions, 
and its magnitude of the order of a superecxhange integral 
times the spin-orbit parameter over a crystal field splitting 
energy. The existence of the effect depends importantly upon 
x overlap between the Mn and S orbitals. 


* Supported by the U. S. Air Force Office of Scientific Research, 
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QA10. Low Temperature Photoconductivity of Additively 
Colored KCI.* R. L. WiLp, University of California, Riverside. 
—The spectral photoresponse of additively colored KCI at 
10°K reflects the absorption structure found by Luty.' The 
product of quantum yield and carrier range is nearly constant 
in the Z; and Lz band (3.6 and 4.2 ev) but drops sharply in 
the K and F region. This suggests that the K band (as well as 
the F) results from excitations to states below the bottom of 
the conduction band. Partial saturation of photoconductivity 
vs electric field yielded carrier range estimates near 10~* cm?/v. 
This plus Luty’s result of optical absorption proportional to 
F-band absorption yields 0.04 for quantum yield, indicating 
competing processes. The F center (or closely associated 
centers) is the main trap for heavily colored cyrstals with a 
trapping cross section ~10~ cm?, but shallow traps become 
dominant in lightly colored crystals. For these shallow traps 
the product of concentration and cross section is 1000-4000 
cm which suggests large cross section or very high concen- 
tration. Illumination fills these shallow traps and produces 
enhanced photosensitivity in the infrared. 

* This work was done at the University of Illinois, supported in part by 
| =n Science Foundation and the Air Force Office of Scientific 


1F, Luty, ‘““Héhere Anregungszustiande von Farbzentren,’ 
in Alkali Halides Symposium, Corvallis, Oregon (1959). 


* Color Centers 


QA11. Hypersonic Resonance of Quartz at 3500 Mc. ELLEN 
S. STEWART AND JAMEs L. Stewart, U. S. Navy Electronics 
Laboratory.—The resonance of X-cut quartz crystals 0.1 mm 
thick at the odd harmonics between 2950 Mc and 3600 Mc at 
room temperature has been observed. The crystal, of 1.0-cm 
diam, is in the gap of a reentrant cylindrical cavity. The 
mechanical resonance of the piezoelectric quartz is observed 
by its reaction on the electrical resonance of the cavity. Since 
only the odd harmonics have been observed and since they 
appear to be simple resonances, it is concluded that these 
crystals are excited in pure thickness modes in contrast to the 
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complex excitation of many undesired modes of an X-cut 
quartz crystal at lower frequencies. The velocity of sound in 
the quartz, computed from the resonant frequencies and the 
thickness, is 5.3910 cm/sec, about 5% less than low fre- 
quency values. The Q is approximately 3000, in good agree- 
ment with that predicted from the quartz absorption extra- 
polated from the data of Bémmel and Dransfeld' using a 
frequency square dependence. Hypersonic radiation into water 
has been detected by the damping of the quartz resonance and 
the specific acoustic impedance has been measured. 


1H. Bémmel and K. Dransfeld, Phys. Rev. Letters 2, 298 (1959). 


QA12. Role of Surfaces in Plastic Flow of Rock-Salt 
Single Crystals. S. MENDELSON, Columbia University.—By a 
suitable technique it is possible to activate dislocation sources 
in the center of a large surface of NaCl crystals. A refined bi- 
refringence and sensitive etch pit method were used to make 
direct observations of dislocations as they move towards op- 
posite edges of the crystal. Sharp slip steps were observed on 
the surface of well prepared small crystals. Dislocation pileups 
were not found against the nascent surface but were found 
against an ozonized surface. It was found that the initially 
active sources lie close to or on the surface. Ozonization of 
NaCl surfaces for short periods restricts the action of surface 
sources, and for longer times provides barriers to the egress of 
dislocations. The Suzuki effect (formation of a work-hardened 
surface layer) was also studied in NaCl. It was found to depend 
upon the existence of a multiplicity of surface sources such as 
is produced by polishing on wet silk. In the absence of this, 
the ‘‘Suzuki effect’’ is not found. Cross-slip of screw disloca- 
tions at the surface under the image force is found to be greater 
when the specimen is polished during or after the formation 
of glide bands. This effect is proposed as the likely mechanism 
to explain the “Joffe effect’” when atmospheric variables are 
eliminated. 


MorRNING AT 9:30 


Burgundy Room 


(L. H. THoMAs presiding) 


Theory, V: Atomic, Molecular, and General Theory 


QB1. The Faraday Effect in O.. J. Finket, U. S. Naval 
Ordnance Laboratory, AND E. A. STERN, University of Maryland. 
—The anomalous Faraday dispersion of Oz in the visible, 
near-ultraviolet, and near-infrared spectral regions was shown 
to be due to the interaction of the spin magnetic moment of 
the O: molecule with the magnetic field of the light wave.’ An 
alternate derivation of this result will be given which shows 
in a simpler and more transparent way how the spin magnetic 
moment enters into the problem. Using appropriate dispersion 
relations? it is shown that the Verdet constant of O2 contains 
in addition to the usual terms a frequency-independent term 
originating from the spins. The latter is calculated numerically. 
The results obtained with this method are in complete agree- 
ment with those of Hougen.! 

1J. T. Hougen, J. Chem. Phys. 32, 1122 (1960). 


2B. S. Gourary, J. Appl. Phys. 28, 283 (1957); i. S. Bennett and E, A. 
Stern, Bull. Am. Phys. Soc. Ser. II 5, 279 (1960). 


QB2. Numerical Calculations of Some Shielding Constants. 
James N. PINKERTON AND CHARLES H. ANDERSON, Harvard 
University.—By using the values of several recently measured 
spin-rotational constants,! we have been able on the basis of 


Ramsey’s formula,? given by 


e (r) y Zi 
em inal 7 eli aT 


h 
2uN®g, Nig, MM! r} 


to predict in a number of molecules the proton shielding con- 
stants and the fluorine chemical shifts. Methods for evaluating 
JS [p(1)dr/r] the above formula will be presented. Combining 
such an evaluation of the integral with the measured C; gives 
results in agreement with experiment. These will be discussed 
in particular for HCN, HCl, HBr, HI, HF, SF6, and CF,. The 
method can be extended to molecules containing other nuclei. 

1M. R. Baker, S. I. Chan, J. H. Leavitt, and H. M. Nelson (private 


communications). 
?N. F. Ramsey, Phys. Rev. 78, 699 (1950). 


QB3. Potential Model Scattering of Electrons by Atoms 
and the Existence of Negative Ions. *. B. MALIK* AND 
E. Trerrtz, Max Planck Institut fiir Physik und Astrophysik, 
Munich.—The low-energy scattering of electrons by different 
neutral atoms has been treated by assuming that the atomic 
wave functions remain unchanged even in the presence of the 
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scattered particie and by neglecting the exchange between the 
scattered electron and bound electrons. The potential term in 
the differential equation of the scattered particle is exactly the 
atomic potential of the neutral atom and is approximated by 
analytical expressions yielding the potential scattering equa- 
tion. The variational treatment of Hulthén and Kohn and 
related treatments are applied to solve this equation for 
Hartree atoms and for the s-partial wave. The scattering by 
He, C, and N is treated explicitly and the results for He indi- 
cate that in this way one may get some good results without 
going into the great complexity of many-body problem. It has 
further been pointed out that the study of scattering by 
neutral atoms near zero energy under this model may serve 
as a possible means of investigating the existence of different 
negative ions and their number of bound states. It seems from 
this point of view that He~ C~ and N~ may exist and that each 
has only one bound state. 


* Now at Princeton and with Pakistan Atomic Energy Commission. 


QB4. Exchange Interaction and Heisenberg’s Spin Hamil- 
tonian.* TapasHi Aral, Argonne National Laberatory.—Use 
of the Heisenberg spin operator for magnetic problems has 
been criticized by Slater! since the expression —4$2Ji1 
X(1+5;-5S1) is valid only if orthogonal atomic orbitals are 
used. In this case, however, the exchange integrals Jy; are 
positive and it is not possible to explain antiferromagnetism. 
On the other hand, use of nonorthogonal orbitals gives diver- 
gence in both the denominator and the numerator of the 
energy expression. Therefore, it is unjustified to derive the 
Heisenberg operatore by omitting higher permutations. By 
the use of representation matrices of the permutation group, 
we can expand the energy matrix such that E=2,J(P) U(P) 
and show that all the coefficients J(P) are bounded and de- 
termined uniquely. This means that the expansion is mathe- 
matically valid even though nonorthogonal orbitals are used. 
Furthermore, we shall show that the nonorthogonality catas- 
trophe does not appear and values of the coefficients can be 
evaluated even if we omit higher permutations. Then we find 
the Heisenberg operator as the first-order approximation of 
the expansion. 

* Based on work performed under the auspices of the U. S. Atomic Energy 


Commi ssion. 
1 J. C. Slater, Revs. Modern Phys. 25, 199 (1953). 


QBS. Generalized Bloch Equations. G. M. VoLKorr AND 
S. D. Joc, University of British Columbia.—A unified general 
discussion using density-matrix formalism is given for the 
methods previously proposed for setting up generalized Bloch 
equations dr/dt =r X Q in the absence of relaxation for special 
degenerate! and nondegenerate’ cases of systems of nuclei of 
spin I subjected to given magnetic and electric fields. The 
interrelationship between the three methods is established 
and explicit expressions are obtained for Q in terms of the 
Hamiltonian, and for r in terms of suitable linear combinations 
of macroscopic quantities (magnetization, quadrupole moment 
density, etc.) describing the system. 

1M. Bloom, E. L. Hahn, and B. Herzog, Phys. Rev. 97, 1699 (1955). 

2F, _— ‘3 phys. radium 19, 713 (1958). 


(see). Bloo . B. Robinson, and G. M. Volkoff, Can. J. Phys. 36. 1286 


QB6. Minimum Principle for Multichannel Scattering 
Problems.* LEONARD ROSENBERG AND LARRY Sprucu, New 
York University.—We have previously introduced a varia- 
tional technique for obtaining a rigorous bound on the phase 
shift for the general one-channel scattering problem.! The 
method has now been extended to the case of an arbitrary 
number N of open channels. It was convenient to use the 
(real, symmetric) reactance matrix K in the parametrization 
of the scattering Process. A straightforward generalization” of 
the previous work gives a minimum principle for (a, Ka)-where 
a is a real, but otherwise arbitrary (NX1) matrix. _The _scat- 
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tering problem considered is such that in each channel there 
is a radius beyond which the interaction between the two 
groups of particles associated with that channel reduces to a 
solvable two-body potential. This corresponds to the assump- 
tion made in the Wigner-Eisenbud theory of nuclear reactions. 
For low and moderate scattering energies it is expected that 
the cutoff radius can be made large enough, even for atomic 
scattering, such that meaningful results can be obtained with 
a reasonable amount of labor. 

* Sponsored by the AFCRL, the OOR, and the Office of Naval Research. 


1L. Rosenberg and L. Spruch, Phys. Rev. 120, 474 (1960), and an article 
to be published. 


QB7. Constitutive Relations for Systems in Bound States. 
FREDERICK R. INNES, Air Force Cambridge Research Labora- 
tories.—These relations connect the energy and other parame- 
ters of systems in bound states. They may be derived from the 
zero expectation values of commutators of certain system 
operators with an appropriate energy expression. The virial 
theorem in its quantum-mechanical form is one example. The 
number of independent relations must be limited by the 
system characteristics, for example, the number of configura- 
tions taken into account. The use of these relatioris is indicated 
for the improvement or simplification of many sorts of com- 
putations, in particular, of self-consistent field and variational 
calculations on bound-state systems generally. If the wave 
functions are separated and the operators expanded in sepa- 
rated form, the relations reduce to equations between the 
radial integrals of the system. It is possible that these methods 
can be extended to the study of a more general class of sta- 
tionary states than that considered here. 


QB8. The Order of Levels of Symmetric Hamiltonians. 
MELVIN M. SaFFREN, General Electric Research Laboratory. 
Suppose each eigenvalue of a symmetric Hamiltonian to be 
labeled with a symmetry index. The index identifies an ir- 
reducible representation of the group of the Hamiltonian so 
that an eigenvalue bears the index of the irreducible manifold 
to which its associated eigenfunctions belong. Then, as will be 
shown, it turns out that for Hamiltonians whose group is of 
a particular type the relative position of an eigenvalue in the 
spectrum depends, in part, upon its symmetry index alone. 
In other words, again, theorems regarding the order of levels 
of certain symmtric Hamiltonians can be proved, the results 
of such theorems being dependent solely upon the group of 
the Hamiltonian. Such theorems will be illustrated by three 
particular cases: one electron in a cubic field, one electron in a 
body-centered periodic potential, and one electron in a face- 
centered periodic potential. As an application of these 
theorems, their bearing upon the pseudopotential method of 
Phillips and Kleinman will be discussed. 


QB9. Lower Bounds for Eigenvalues of the Schrédinger 

Equation. II. N. W. BazLey, National Bureau of Standards 
AND D. W. Fox, Applied Physics Laboratory, The Johns 
Hopkins University (introduced by J. P. Vinti).—We give 
another procedure for lower bounds to eigenvalues of the 
Schrédinger equation related to that given in A.M.S. Notices 
6, 839 (1959) and Bull. Am. Phys. Soc. Ser. II 6, 43 (1961). 
Let H be a Hamiltonian, Hermitian in the inner product 
(¢,¥) = S ep*dr, and denote the lowest eigenvalues and cor- 
responding eigenfunctions of H by E; and y;, i=1, 2, - 
Let H* be another ee such that (H*y,y) <(Hy, v) 
and for which H%y;°=E;*y;° has known eigenvalues E,° and 
eigenfunctions y¥,°. Then Ey°< E;, i=1, 2, . We introduce 
the Hamiltonians H*° defined by 


H p= 2 (vy, Ey," 
j~ 


+E, w{y = 
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These satisfy (H"-Y,y)<(H**,y)< (Hy). Let pi, po, + + +, 
pe be arbitrary vectors, and introduce vector spaces with 
inner products [¢,y], given by [¢ ~],=({H—HA**} oy). 
Denote the projection of y on the span of pi, pe, - + +, Pe in 
these vector spaces by P”"*y and define H**=H* 
+{H—H*°|P"*, Then (H*+4y,v)<(Ay,y). The equation 
Hk) = Ey has ordered eigenvalues E;"-* with eigenfunctions 
yi" * which give lower bounds, E;"*<E;, i=1, 2,3 - - +. The 
E;"* and y,;"* are found from an algebraic problem involving 
the matrix elements 

({H—H?} pi, ({H—H™°} ps, ps) 

({H—H*°}>,, |H—H"*}p,), 


+k. 


0) 
a /» 
and 


where j = 1, + m;s,t=1, - 

QB10. Quasi-Classical Transformation Theory.* Rap 
SCHILLER,t Syracuse University—The approximate WKB 
solutions to Schrédinger’s equation are usually given as func- 
tions of our ordinary space-time variables. There is however 
a general statement of the WKB approximation due to 
Van Vleck (1928), hereafter called the quasi-classical theory, 
which is invariant under canonical transformations. We have 
found the laws of transformation of these approximate wave 
functions and operators. For infinitesimal transformations of 
wave functions, the canonical group is the unitary group of 
quantum mechanics. In bound-state problems we have found 
configuration space variables such that the WKB wave func- 
tions are continuous in the entire range of the configuration 
space. In terms of these variables we have found classical 
representations of creation and destruction operators. The 
corresponding WKB wave functions for some dynamical 
problems turn out to be exact solutions of a similarly trans- 
formed Schrédinger equation. This is significant for it shows 
that by classical methods one can construct exact solutions of 
the Sclirédinger equation. The existence of these wave func- 
tions does not imply quantization, which arises only after 
suitable boundary conditions have been imposed on the wave 
functions. 


* Research supported by Wright Air Development Center. 
t On leave from Stevens Institute of Technology. 


QB11. A Possible Mechanism for the Quantum Mechanical 
Liouville Equation. GeorGre J. Yevick, Stevens Institute of 
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Technology AND JEROME K. Percus, New York University.— 
We should like to ascertain the ‘‘mechanism”’ for the diffusion- 
like behavior of the probability density in phase space charac- 
terizing quantum-mechanical motion. If we consider a system 
of identical particles and treat it as fluid using fluid-density 
coordinates and a velocity potential, we obtain after a suitable 
Jacobian transformation, a Hamiltonian which yields the 
Bohm-type equations. If now we abstract from this fluid a 
single particle, there results a coupled system of particle and 
fluid. Next we make a canonical transformation such that in 
the absence of the fluid field the particle obeys the classical 
equations of motion. In the new equations of motion, the 
particle can initially have a nonquantum-mechanical distri- 
bution in phase space. It is conjectured that such a distribution 
goes over rapidly into the quantum mechanical distribution 
which is due to the background fluid. We have demonstrated 
this to be true in the special case of a free-particle wave 
packet. In the foregoing, we must eliminate field coordinates 
and momenta, thereby reducing the over-all Liouville equation 
to a positive-density Liouville equation for a single quantum- 
mechanical particle. 


QB12. A Model of a Photon. CuesteR J. MARCINKOWSKI, 
Polytechnic Institute of Brooklyn.—A photon is constructed 
from a source-free solution of Maxwell's equations. The 
photon consists of a modal superposition of cylindrical waves 
at the electron-rest frequency «, of the creating particle and 
propagating in varying directions to produce a finite photon 
length. Upon this carrier frequency is superimposed a photon 
modulation frequency w, with (w,/w,)?«1. A photon of wave- 
length », has a _ needle-shaped structure with a length 
™Xp(Ap/Ac) in the direction of its motion and a diameter of an 
electron wavelength \,~10-" cm. The photon travels with a 
velocity v~c with transverse fields approximately linearly 
polarized (v<c). The photon field resembles a plane wave with 
phase fronts propagating at the phase velocity u=c*/v and 
decaying as 1/r? in the transverse direction. The arbitrary 
phase of the carrier frequency w, provides a hidden variable. 
This photon has an energy hw ,, a linear momentum hw,/c, 
and a vanishing angular momentum. By changing carriers to 
a nucleon rest frequency w,(we —> Wn, Ae > An), this model may 
also represent a neutrino. 


WEDNESDAY AFTERNOON AT 2:00 


Adams-Hamilton Room 


Optical and X-Ray Physics; Astrophysics 


Rl. Measurements on Hel Line Broadening in a Plasma. 
W. B. Jounson, Linde Company.—Measurements have been 
made on the broadening of a number of lines of neutral helium 
as a function of electron density. The experiment has been 
carried out using the plasma produced by a continuous electric 
arc operating in pure helium at 200 amp and at atmospheric 
pressure. Temperatures were determined from a comparison 
of theoretical and observed line intensities of the 3888 A and 
5875 A spectral lines with the densities being determined from 
the Saha equation at the observed temperature. Line profiles 
have been determined along with the resultant data on shifts 
and half-widths as a function of electron density in the range 
between 10'6 and 10!” electrons/cm* with the temperature 
varying from 16000° to 20000°K. Lines which have been 
studied have mainly been the more narrow lines of the helium 
spectrum, namely the 6678, 5875, 5047, 5015, 4713, 4120, 
3964, and 3888 A lines. As one would expect, these narrow 


lines are those with relatively low lying upper states which are 
perturbed to a lesser degree than higher states. 


R2. Spectral Line Intensity and Electron Density Measure- 
ments in Flame Gases Containing Metal Vapors.* Fritz W. 
HOFMANN AND HEpwiG Koun, Duke University.—In premixed 
high-temperature flames (2500°-2760°K) the dependence of 
the degree of ionization of alkali and alkaline earth atoms on 
their density distorts the intensity-density curves for the 
atomic resonance lines of these elements. This distortion was 
removed by admixing an amount of a second easily ionizable 
element which suffices to hold the electron concentration, and 
hence the degree of ionization, constant over the range of 
metal concentrations required to obtain the low- and high- 
density asymptotes of the intensity-density curve. Cross 
sections for collisional broadening of the measured spectral 
lines were determined from the point of intersection of these 
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asymptotes. The underlying assumption of thermally equil- 
iberated ionization in a flame zone a few mm above the pri- 
mary reaction zone was verified, for one and for a mixture of 
two alkalis, by electron density measurements by microwave 
attenuation. For the alkaline earths, ionic resonance line in- 
tensities were measured in addition to atomic resonance lines 
and electron densities, thus permitting a direct experimental 
determination of the Saha equilibrium constants. 


* Supported in part by the Office of Naval Research. 


R3. Effect of Temperature on Infrared Absorption of Solid 
LiH and LiD.* R. H. MisHo anv D. J. MontGomery, Michi- 
gan State University—Infrared absorption spectra of thin 
films of LiH(~97% Li’, 100% H') and LiD(~97% Li’, 
~96% H*) evaporated on KBr plates were obtaired in the 
range 12.5u-25y from 100°K to 400°K in a specially con- 
structed cryostat-oven. The chamber containing the specimen 
was maintained under vacuum continuously during prepara- 
tion and observation of the films. At room temperature, the 
primary feature of the spectrum for each material is a broad 
peak at 17.0 for LiH and at 22.5u for LiD, in agreement with 
results reported earlier.1 At high temperatures, the peaks 
flatten to such an extent that it is difficult to establish defi- 
nitely the existence of a shift. At low temperatures, the peaks 
become deeper and narrower, and the position of the minimum 
transmission shifts by only a few tenths of a micron, an amount 
much smaller than expected by analogy with results on alkali 
halides.? In view of the unexpected nature of the shifts, the 
experiment is being repeated with different substrates. 

* This research was supported by the U. S. Air Force L Sieonghs the Air 


Force Office of Scientific Research (ARDC), and by the U. S. Atomic 
Energy Commission through the Metailurgy and Materials Branch of the 


Division of Resear 
1W. B. Zimmerman D. en Phys. Rev. 120, 405 (1960). 


and D. J. 
2M. Hass, Phys. Rev. 119, 633 (1960 


R4. Intensity Dependence of the Soft X-ray Continuous 
Spectrum on Take-off Angle.* T. J. PETERSON, JR., AND 
D. H. TompBoutian, Cornell University.—The variation of 
relative intensities as a function of angle of observation over 
the 80- to 180-A wavelength region has been investigated in 
continuation of the general line of study previously reported.! 
Mg, Mn, and Ag have been used as targets for the incident 
electron beam at energies of 675 ev, 1200 ev, and 1500 ev, re- 
spectively; and the spectrum has been observed at angles of 
95°, 110°, and 135° measured from the forward direction of 
electron motion. The experimental results in the case of a Mg 
target can be directly compared with the numerical calcula- 
tions of the Sommerfeld theory.? The results for Mn and Ag 
will be discussed in the light of the predictions for Mg. 

Z bg in part by the oe of Ordnance Research, U 

Ve Peterson, Jr. and D. H. Tomboulian, Bull. Am. ly ng r ¢ 263 


419 {198 9). 
P. Kirkpatrick and L. Weidmann, Phys. Rev. 67, 321 (1945). 


R5. Photon Absorption by Valence Electrons in Chromium.* 
H. KROGER AND D. H. TomBou Lian, Cornell University.—The 
absorption of Cr foils was investigated on the low energy side 
of the M2; edge (43.4 ev). Observations indicate the presence 
of secondary absorption peaks at the following incident photon 
energies expressed in ev: 22.0, 24.0, 25.8, 27.0, 30.1, 35.3, 39.5. 
The spectrum of the source which was a capillary discharge 
in argon, consisted of closely spaced high-intensity radiations. 
This circumstance increases the danger of order contamination 
and leads to difficulties in connection with the determination 
of relative intensities. For these reasons, the values of the 
first three peaks listed above must be regarded as less reliable. 
The peaks at 22.0 and 25.6 ev may be identified with secondary 
maxima observed on the high energy side of the Mz; edge. 
The 22.0 ev peak also agrees with the characteristic electron 
loss value of 21.8 ev. The fluctuations in the absorption are 
superimposed on a background which becomes more trans- 
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parent with increasing energy. Over the 20-40 ev range the 
absorption coefficient decreases by a factor of 3.5. This change 
agrees with previous observations.! The present data do not 
reveal conclusively the onset of transmission at the predicted 
plasmon energy of 25 ev. 


Z ae by the a of Ordnance Research, U. S. Ari 
. N. Axelrod and M. P. Givens, Phys. Rev. 120, 1205 (1960). 


R6. Gas Absorption Ceil in the Soft X-Ray Region.* D. L. 
EDERER, D. J. BAKER, AND D. E. BEpo, Cornell University 
For the determination of gas absorption coefficients, it is 
preferable to confine the gas in a cell, rather than utilize the 
spectrograph chamber itself. With a cell, higher values of the 
pressure may be used, the pressure may be controlled reliably 
and the attenuation can be measured as a function of cell pres- 
sure, thus providing an accurate means for evaluating the 
cross section. Also, the use of a cell minimizes the possibility 
of contaminating the gas and of disturbing the operation of 
the source and detector. The cell to be described consists of a 
24 in. long stainless steel chamber with windows ( in. in diam) 
made of two 500 A layers of Zapon backed up by a fine mesh 
screen (500/in.). Typical windows readily withstand pressure 
differences of 40 mm of Hg without leaking. At 180 A, each 
window gives rise to an attenuation of about 10. Preliminary 
tests have been made with the cell in conjunction with grazing 
and normal incidence vacuum spectrographs. Instrumental 
details involving the mounting of the cell and the scheme used 
for pressure measurements will be presented along with sample 
measurements of absorption at 180 A utilizing a Be-Cu photo- 
multiplier as a detector. 


* Research supported by the Office of Naval Research. 


R7. Demountable X-ray Tube for Secondary Excitation of 
Intense Characteristic Spectra between 1 and 10 A.* Roperrt 
J. LIEFELD, Cornell University.—A 5-kw tube has been con- 
structed to excite x-ray emission spectra by fluorescence for 
registration with a luminous two-crystal vacuum spectrome- 
ter.! The tube design features a water-cooled copper anode, 
two helically wound tungsten ribbon filaments, a beryllium 
window (1 in. diam X0.002 in. thick), and a continuous evacu- 
ation system. Glass-metal construction is used with indium 
wire gaskets in demountable joints. Efficient irradiation of 
prospective secondary sources is achieved by the high trans- 
mission of the beryllium window, the positioning of secondary 
sources adjacent to the window, an anode-to-window separa- 
tion of less than 1 in., and pre-assembly evaporation onto the 
anode of a material which has several intense lines of slightly 
higher energy than the level to be excited in the secondary 
source. The K§; line from chlorine atoms in KC! has been re- 
corded using this tube and quartz crystals having a resolving 
power of ~10 000. A line peak intensity of 100 counts/sec was 
obtained against an off-line background of 0.1 counts/sec, 
with silver on the anode, 20 kv, and 200 ma. 


* prswerted by the U. S. Air Force. 
1 Prepared by R. Deslattes, to be rey ported. 


R8. The M Emission Spectrum of the Transition Metals 
Zr, Nb, Mo, and Ru. J. E. Hotiipay, United Siates Steel Cor- 
poration.—The M emission spectra of Zr, Nb, Mo, and Ru 
were first investigated by Siegbahn.! We have reinvestigated 
these spectra using improved detection methods, vacuum and 
surface preparation. The spectrometer and detector have been 
described elsewhere.? The x-ray chamber was pumped to a 
vacuum of 8X10-* mm of Hg before the spectrum was re- 
corded. The targets were etched and polished before being 
placed in the x-ray chamber. They were then cleaned by ion 
bombardment using argon at a pressure of 5 uw and —400 to 
—500 v on the target. The Mry,yv Nu, Mr Mry,y, and 
Mr Mry, emission lines and the Mry,y emission bands were 
investigated. By dipole selection rules the Mry,y emission 
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band gives a measure of the density of states with p symmetry. 
The intensity of the Mry,y emission band and the lack of any 
for the My,111 emission band for Zr, Nb, and Mo indicates 
that some of the 4d electrons are in a hybridized band with p 
symmetry. There appears to be a double maximum in the 
Miy,v emission band. The separation between the two peaks 
and the band width increases with atomic number. 


1M. Siegbahn and T. Magusson, Z. Physik 88, 559 (1934). 
2J. E. Holliday, Rev. Sci. Instr. 31, 891 (1960). 


R9. On the Dynamics of Spiral Galaxies. Howarp GREy- 
BER,* Geophysics Corporation of America.—Recent radio as- 
tronomy research by F. D. Drake! at NRAO and F. J. Kerr 
in Australia has revealed considerable detail on the internal 
structure of our galaxy. A new theoretical model for the steady 
state dynamics of a spiral galaxy is described, based on the 
remarkably small central core observed and on an assumed 
general dipole magnetic field for the galaxy. The model pre- 
dicts the very thin galactic gas disk observed and an essen- 
tially conunuous production of spiral arms. Comparison with 
other concepts of galactic dynamics will be discussed. 
New 
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R10. Adiabatic Exponents Associated With Supernova 
Explosions. A. G. W. CAMERON, Chalk River Laboratories.— 
One cause of supernova explosions is believed to be the onset 
of hydrostatic instability in massive stars when the tempera- 
ture and density at the center become large enough. Dyson 
has shown that this requires the adiabatic exponent 
T', =d logP/d logp to be less than § throughout an appreciable 
fraction of the stellar interior. Values of the adiabatic exponent 
have been calculated for generalized matter consisting of 
radiation, electrons of both charge, and nuclei in statistical 
equilibrium. In parts of the star where radiation pressure 
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greatly predominates, [,;<$ at quite low temperatures 
(5X10* °K) owing to the creation of electron pairs. If the 
radiation and gas pressure are comparable, ['; < $ for T>5 10° 
°K, owing to the endothermic conversion of Fe to He. In an 
adiabatic compression from this condition, I; stays less than 
4 until the density becomes nearly 10" g/cm; here the electron 
capture rates are fast compared to free fall rates. At this point 
a great deal of Fe is still present in equilibrium and much of 
the He has been transformed into nucleons. These calculations 
support the hypothesis that degenerate neutron stars are 
formed as remnants of explosions of this kind. 


R11. Supernova Instability,* Stirtinc A. COLGATE, 
WILLIAM H. GRASBERGER, AND RICHARD H. Wuite, Lawrence 
Radiation Laboratory, Livermore-—We have been using a 
Lagrangian hydrodynamics machine code to investigate the 
conditions immediately prior to and during the unstable 
collapse of a supernova star. An initial polytropic stellar 
density-temperature distribution is chosen that is just stable 
to the collapse from the iron-helium transformation.! The lack 
of perfect initial equilibrium is observed as very weak sound 
waves oscillating through the star. The programmed removal 
of a small fraction of the energy content of each mass zone 
mocks up a quasi-static stellar evolution. Upon reaching in- 
stability, the star collapses and dynamically over-shoots its 
new equilibrium configuration reaching peak densities of 10" 
g/cc and 7-Mev temperature. In the return to equilibrium a 
shock wave is propagated radially outwards that ejects a 
fraction of the mass of the star. We are repeating these calcu- 
lations including the additional specific heat of relativistic 
degeneracy and the helium breakup into neutrons and protons 
as implied by the above density and temperature. 

* This work was done under the auspices of the U. S. Atomic Energy 
Commission, 

1E. M. Burbidge, G. R. Burbidge, W. A. Fowler, and F. Hoyle, Revs. 
Modern Phys. 29, 547 (i957). 
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Nuclear Reactions, VI: Heavy-Ion Reactions 


RAI. Recoil Method for Measuring Lifetime of Excited 
States Produced in Heavy Ion Reactions.* i. F. Wricur, 
University of Wéisconsin.—In this method the recoils are 
stopped in a plate placed at a distance behind a thin target. 
Because of the large momentum of the incoming heavy ion 
and the smaller momentum of the product particles the recoil 
nuclei all travel forward with velocities that have a small 
spread about the mean. Since these nuclei are stopped approxi- 
mately 10~" sec after reaching the plate, essentially all y rays 
emitted from states with lifetimes ~ or >10-" sec are emitted 
from nuclei recoiling freely or from nuclei at rest. For reactions 
caused by 40 Mev O'* ions incident on light nuclei the energies 
of these two groups of y rays differ by ~5% at 0° in the labo- 
ratory system. Measurements of y-ray spectra using a sodium 
iodide crystal placed at either 0° or 160° show that the 
numbers in these two groups can be determined from the dif- 
ferences between spectra for different distances between target 
and stopping plate. Preliminary measurements on a 350 kev 


y ray attributed to B"(O"'* ap) Ne** show that the lifetime of 
the first excited state of Ne! (or, possibly, the combined life- 
times of this and higher states producing y rays in cascade) is 
~10-" sec. 


* Work supported by the U. S. Atomic Energy Commission and the 
Wisconsin Alumni Research Foundation, 


RA2. Elastic Scattering of N'* by Mg**. A. ZucKER, Oak 
Ridge National Laboratory.*—The differential cross section for 
elastic scattering of N“ by Mg*™ at 28.2 Mev (lab) was meas- 
ured from 30° to 118° c.m. The target was isotopically en- 
riched to 99.7% Mg*™, about 45 ug/cm? thick, evaporated on 
a thin carbon film. Elastically scattered nitrogen ions as well 
as the recoil Mg ions were counted in two Si barrier counters 
in coincidence to eliminate contributions from transfer re- 
actions and inelastic scattering. The value of o/o, has an 
initial maximum around 50° c.m., becomes unity at 65°, and 
decreases monotonically to 0.04 at 118°. The experimental 
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data fit a Blair model calculation from about 65° to 80° c.m. 
provided one includes the effect of beam energy spread. A 
value of ro=1.5 f gives the best agreement with the data. The 
results of a rainbow model calculation also fit the data well, 
from 85° to 118° c.m. The pertinent parameters are 0, =87.5° 
and q=0.168, leading to a value of ro=1.57 f and a nuclear 
surface thickness AR=1.1 f. 


* Operated for the U. S. Atomic Energy Commission by Union Carbide 
Corporation. 


RA3. Alpha Particles from N'* Bombardment of O'*. 
M. L. HaLBert, Oak Ridge National Laboratory.*—The energy 
spectrum and angular distribution of alpha particles emitted 
during bombardment of a thin copper oxide target by 28-Mev 
N*‘ ions has been studied with a silicon surface-barrier counter 
having a sensitive region 0.6 mm deep at 500 v bias. Spectra 
were obtained at 12 angles from 0° to 160° and covered a 
range of alpha energies from 3 Mev to the maximum possible 
energy (33 Mev for 0°). The proton contamination which was 
present up to 9 Mev at full bias was eliminated by reducing 
the barrier depth. The spectra were analyzed in terms of the 
statistical model; parameters describing the level density will 
be given. The angular distributions for alphas corresponding 
to the same excitation energy in the residual nucleus are 
peaked forward and backward with a minimum at 90°. With 
the improved resolution now possible the isolated peaks in the 
forward direction noted earlier on the evaporation continuum 
were found to have a width of about 0.4 Mev. The true widths 
are probably much smaller than 0.4 Mev because the energy 
spread of the incident beam and the target thickness are suffi- 
cient to broaden a sharp emission line by this amount. Infor- 
mation on the energy variation of these peaks with angle and 
bombarding energy will be presented. 


* Operated for the U. S. Atomic Energy Commission by Union Carbide 
Corporation. 


RA4. Neutron Transfer Reaction B'°(N'*,N")B'!. KENNETH 
S. Torn, Oak Ridge National Laboratory.*—The angular dis- 
tribution of N*® particles produced in the reaction B” 
X(N4,N")B" has been investigated for angles ranging from 
4° to 19.5° in the laboratory system with 28-Mev N* ions 
accelerated in the Oak Ridge 63-in. cyclotron. Circular strips 
of aluminum foil placed at a known distance from the target 
and each encompassing a known angular increment were used 
to stop the radioactive N™ (10 min). Range curves for N® 
particles emitted at various angles were determined and these 
indicated that most of the N® nuclei originated from transfers 
leaving both products in their ground states. The differential 
cross section was found to peak at about 17° c.m. The angular 
distribution when replotted as do/dRmin vs Rmin (where Rmin 
is the distance of closest approach for a classical trajectory) 
peaked at an Rmin of ~9.2 f corresponding to an ro of ~2.0 f. 


* Operated for the U. S. Atomic Energy Commission by Union Carbide 
Corporation. 


RAS. Proton Transfer Reaction B'°(N'4,0'5)Be®. E. New- 
MAN, Oak Ridge National Laboratory.*—The differential cross 
section for the proton transfer reaction B(N",0"5)Be® has 
been investigated for the case in which the resulting nuclei are 
both left in the ground state. The energy of the incident N™ 
was 27.9 Mev and the Q value for the reaction is +-0.77 Mev. 
The angular distributions were followed from 20° to 155° in 
the center of mass. The cross section was seen to rise to a peak 
value of approximately 8 mb/sr at ~30° and then to drop 
monotonically, The total cross section is about 4 mb. A de- 
tection system was used in which both the scattered O' and 
the recoil Be® were counted in coincidence by silicon diode 
barrier detectors.! This method together with the reaction 
kinematics served to suppress the otherwise overwhelming 
effect of elastic scattering. The observed distribution when 
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plotted as do/dRmia vs Rmin yields a value of 10 f as the most 
probable separation for transfer, which corresponds to a value 
of r9=2.2 f. A comparison of the experimental results with 
tunneling theory is made. 

* Operated for the U. S. Atomic Energy Commission by Union Carbide 


Corporation. 
1M. L. Halbert and A. Zucker, Phys. Rev. 115, 1635 (1959). 


RA6. Alpha Particles Emitted in the Bombardment of Au!” 
and Bi? by C12, N14, and O'* Projectiles. I. Direct Processes.* 
H. C. Britt anp A. R. Quinton, Yale University.—Angular 
distributions, energy spectra, and absolute cross sections have 
been measured for alpha particles emitted in the bombardment 
of Au? and Bi®® by C2, N"4, and O!* projectiles with energies 
of 10.5 Mev/nucleon. Measurements have also been made for 
the C+Bi reaction at energies of 8.7 and 7.1 Mev/nucleon. 
It was found that from the angular distributions and energy 
spectra it was possible to separate the contributions from 
direct and evaporation processes. The direct alpha particles 
are sharply forward peaked, with broad energy spectra peaked 
near the beam velocity. No target dependence is observed but 
the results are dependent on the projectile and its velocity. 
These data suggest that the principal direct process involved 
is breakup of the projectile in a nuclear surface interaction. 
A simple model leads to reasonable values of the most probable 
interaction distances. The absolute cross sections for direct 
alpha production at bombarding energies of 10.5 Mev/nucleon 
are 0.55+0.10 b for the oxygen and nitrogen induced reactions, 
and 0.85+0.15 b for the carbon induced reactions. The cross 
section decreases rapidly with decreasing bombarding energy 
to a value of 0.18+0.05 b for the case of C+Bi at 7.1 Mev 
nucleon. 


* Work supported by the U. S. Atomic Energy Commission. 


RA7. Alpha Particles Emitted in the Bombardment of Au!” 
and Bi? by C!*, N'4, and O'* Projectiles. II. Evaporation 
Processes.* A. R. QUINTON AND H. C. Britt, Yale University. 
—From the data taken at backward angles for the reactions 
described in the previous abstract, energy spectra and abso- 
lute cross sections have been determined for alpha particles 
emitted in evaporation processes. It is found that the ratio of 
the evaporation cross section to the calculated total reaction 
cross section! is an exponentially increasing function of the 
initial excitation energy of the compound system. This ratio 
increases from 0.01 to 0.10 as the excitation energy increases 
from 50 to 135 Mev. The energy spectra peak at the Coulomb 
barrier energy is determined from optical model calculations.* 
The shapes of the spectra can be fitted by an expression of the 
form exp(—E,/1r) and show that the temperature T is propor- 
tional to the square root of the excitation energy of the residual 
nucleus. Use of the level density formula p(£)~exp2(aE)! 
yields a value for the parameter a=22+2 Mev™. 

* Work supported by the U. S. Atomic Energy Commission. 


1T. D. Thomas, Phys. Rev. 116, 703 (1959). 
2G. Igo, Phys. Rev. 115, 1665 (1959). 


RAS. Inelastic Excitations in Heavy Ion Reactions.* 
D. J. Wrtttams, A. M. Smitu, G. GARVEy, AND F. E. STe!- 
GERT, Yale University.—Inelastic excitations in the reactions 
(Ci2,C12) | (C12,0'8) | (O14 O's), (N¥4,C?2), (N4,N¥), and (O'*8 Ar®) 
have been observed at the Yale University heavy ion accelera- 
tor. The incident energy was 10 Mev per nucleon. The angles 
observed ran from 5° to 12° laboratory. A junction counter 
was used to provide the energy resolution required. The pulse 
heights were sorted with a 400 channel analyzer. The angular 
distributions exhibit the oscillations usually characteristic of 
diffraction calculations. Some of the excitations appear to be 
out of phase with the elastic scattering angular distribution in 
agreement with the rule of even parity transitions being out 
of phase and odd parity transitions being in phase with the 
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elastic scattering. These excitations appear to be quite large, 
approaching the magnitude of the elastic peak around 10° 
laboratory. Absolute cross sections will be given. 
us 


* This work was supported in part by the Atomic Energy 


Commission. 


RA9. Bombardment of Ar*® with 160 Mev O'* Ions.* J. G. 
KELLEy,f A. M. Situ, F. E. STEIGERT, AND W. W. WaTSON, 
Yale University—A target of Ar*®’ was bombarded with 10- 
Mev/ArO!'* ions from the Yale heavy ion accelerator. The 
elastic scattering cross section was measured as a function of 
angle from 2° to 18° (laboratory) in 15-min intervals. The use 
of solid-state detectors permitted separation of the inelastic 
spectrum from the ground state group. Reaction products 
were also observed using the apparatus of Anderson et al.! 
between the angles of 8° and 77° in approximately 5° inter- 
vals. Evidence of both two- and three-body breakup were 
obtained. Alpha-particle type nuclei would appear to be 
favored. The carbon and neon yields are greater than those 
of nitrogen and fluorine, respectively. 


* This work was supported in part by the U. S. Atomic Energy 


Commission. 

t Now at Raytheon Company, Wayland, Massachusetts. 

1C. E. Anderson, A. R. Quinton, and W. J. Knox, Phys. Rev. Letters 3, 
557 (1959). 


RA10. Resonances in Heavy Ion Inelastic Scattering. 
E. ALMQvVIST AND J. A. KUEHNER, Chalk River Laboratories.— 
The inelastic scattering of heavy ions from light elements is 
being studied. Events are identified by detecting both the 
scattered and recoil particles in coincidence using solid state 
counters. Excitation curves for C!#(C!,C!2)C* (4.43 Mev) 
between Ecy =8 to 13 Mev show sharp structure with differ- 
ential cross sections averaging 1.5 mb/sr at both 90° and 120°; 
C2(016 O16)C2* (4.43) between Ecy=11 to 15 Mev shows 
less prominent structure and cross sections rising to 0.7 mb/sr. 
These magnitudes are similar to those observed by Halbert 
and Zucker! for C!2(N4,N™)C!2* (4.43) and much greater than 
for C#2(N4,C!2)N4*, This fact may be related to the observa- 
tion of quasi-molecular states in carbon interactions?‘ and 
particularly to the suggestion of Vogt and McManus® that 
easy deformability and excitation of vibrational modes of the 
incident ions play important roles. 

1M. L. Halbert and A. Zucker, Phys. Rev. 121, 236 (1961). 


2D. A. Bromley, J. A. Kuehner, and E. Almqvist, Phys. Rev. Letters 4, 
365 (1960). 

+E. Almqvist, D. A. Bromley, and J. A. Kuehner, Phys. Rev. Letters 4, 
515 (1960). 

4J. A. Kuehner and E. Almqvist, Bull. Am. Phys. Soc. Ser. II, 6,1(1961). 

5 Vogt and H. McManus, Phys. Rev. Letters 4, 535 (1960). 
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RAI1. Heavy Fragment Studies.* D. A. BROMLEy, 
M. Sacus, AND C. E. ANpERSON,f Yale University.—Heavy 
ion induced reactions on light targets have been shown to be 
characterized by significant yields of nuclear fragments ranging 
from isotopes of H and He to masses only slightly less than 
that of the equivalent compound system.! To obtain detailed 
information on the reaction mechanism involved, an im- 
proved higher resolution dE/dx XE particle identification 
system has been developed for study of the energy spectra and 
production cross sections for these fragments. This system is 
capable of resolving individual isotopes of fragments up to 
oxygen for independent study. Experiments have been carried 
out in which the energy spectra for oxygen, nitrogen, carbon, 
and boron fragments from 168 Mev O'* bombardment of Al?’ 
and C®, and from 126 Mev C® bombardment of C have been 
examined at several angles of observation. In these preliminary 
measurements no attempt was made to resolve the individual 
isotopes of a particular element. The spectra obtained show 
residual fine structure which in some cases may be identified 


with particular excited levels of the nuclei involved; gross 
structure effects are also present. 

* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 

tT Now at the Applied Physics Laboratory, Johns Hopkins University, 
Baltimore, Maryland. 

'C. E. Anderson, W. J. J. Knox, A. 8. Quinton, and G. E. Bach, Phys. 
Rev. Letters 3, 557 (1959). 


RA12. Charged-Particle Spectra from Heavy-Ion Bombard- 
ment.* Harry H. HeckMan, Donatp V. REAMES, AND 
WiLut1AM G. Simon, Lawrence Radiation Laboratory.—The 
energy spectra of charged particles (Z=1, 2, and 3) emitted 
at 0° from targets of Al, Ni, Ag, and Au when bombarded by 
O'* nuclei (Tmax =160 Mev) are under investigation. Light 
interaction products produced in the targets and emitted in 
the forward direction enter radially a magnetic field 22 in. in 
diam. The momentum-analyzed secondary particles are de- 
tected by nuclear emulsions placed along the circumference 
of the magnet. Preliminary analyses of the Au data show that 
the spectra reach maxima at about 14Z Mev and extend to 
much higher energies. From Au, protons, deuterons, tritons, 
and @ particles in excess of 50 Mev have been detected. Ener- 
getic fragments from the interaction of O'* ions with Al nuclei 
are more abundant, and attain higher energies, than those 
from Au. For example, from Al, p, d, and ¢t have ali been ob- 
served with kinetic energies greater than 65 Mev, while He‘ 
and He’ in excess of 100 Mev also are produced. 


* This work was performed under the auspices of the U. S. Atomic 


Energy Commission. 


RA13. Neutron-Deficient Alpha Emitters of Holmium.* 
RonaALD D. MACFARLANE AND ROGER D. GRIFFIOEN, 
Lawrence Radiation Laboratory—Bombardment of neo- 
dymium isotopes with N"™ ions (65-130 Mev) using the 
Berkeley heavy ion accelerator has resulted in the discovery 
of five new alpha-emitting isotopes of holmium. Their decay 
characteristics are: 

Alpha branching 
Half-life ratio 


~#%.1 

~“~.1 

~0.005 
0.017 
0.0078 


Isotope Ea (Mev) 


Ho!® 4.48 
Ho! 4.40 
Ho! 4.34 
Ho! 4.12 
Hols 3.96 


31 sec 
64 sec 
187 sec 
5.6 min 
16.5 min 


Mass assignments were determined by excitation functions 
using enriched Nd™ 4.8 targets and in three cases substantiated 
by identification of alpha-decaying daughters (Dy'*!.*,Tb!®). 
None of these holmium alpha emitters appear to have a hin- 
dered alpha decay. 

* This work was performed under the auspices of the U. S. Atomic Energy 
Commission, 


RAI4. Difference in the Transfer of a Neutron from N'‘ to 
Pb**? and to Pb*".* T. L. Watts anp J. A. McIntyre, Yale 
University.—The N* nuclei created by bombardment of Pb?® 
and Pb*®’ targets by a beam of N* nuclei were detected and 
their energy spectrum at different scattering angles obtained 
by means of stacked foils. At a laboratory bombarding energy 
of about 120 Mev on Pb”? and an angle of scatter correspond- 
ing to a classical distance of closest approach equa! to the sum 
of the radii of N'* and Pb’, the neutron is almost always 
transferred to the higher levels of the residual Pb”. In a simi- 
lar bombardment of Pb®*® the neutron is transferred from the 
N* to the ground state and excited states of the residual Pb™®, 
the transfer occurring at the same Q values as in the bombard- 
ment of Pb?®. 


* Supported by U. S. Atomic Energy Commission, 
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S1. New Results on the Structure of Nucleons. Ropert Horstapter, Stanford University. (30 min.) 


Nucleonic Structure and Scattering 


S2. New Information about the Electromagnetic Structure 
of the Neutron. C. De VrRIEs* AND RopertT HOFSTADTER, 
Stanford University, AND ROBERT HERMAN, Research Labora- 
tories General Motors Corporation.—Inelastic electron-deuteron 
scattering experiments have been made at values of the mo- 
mentum transfer g, ranging from g?=8.5 f to g=21 f. 
Absolute peak cross sections for the deuteron are obtained by 
comparison measurements on the proton, employing absolute 
cross sections for the proton.! Meson exchange effects have 
been neglected. The modified Jankus theory, incorporating 
the Dirac (F,y,Fip) and Pauli (F2,Fe2p) form factors of the 
neutron and proton, has been applied. Combining data taken 
at different energies and angles but at the same gq value, abso- 
lute values of Fiw and F.2y are obtained. Inherent in the 
analysis are four possible choices of these form factors. All 
choices indicate that the charge distribution ot the neutron is 
not identically zero. The arguments given in the accompanying 
paper favor one of the four possible cases as the natural choice. 

* On leave of absence from Institute of Nuclear Research, Amsterdam, 
Hollan 


1F, Bumiller, M. Croissiaux, and R. Hofstadter, Phys. Rev. Letters 5, 
261 (1960). 


S3. Electromagnetic Form Factors of the Proton and 
Neutron. RoBERT HERMAN, Research Laboratories General 
Motors Corporation, AND ROBERT HoFsTADTER, Stanford Uni- 
versity.—The new information on the electromagnetic form 
factors of the neutron,’ taken together with the split form 
factors of the proton* form a consistent body of data from 
which the structure of the proton and neutron can be deduced. 
Using the idea that the proton and neutron correspond to two 
orientations of the z component of the isotopic spin of the 
nucleon we have developed four basic isotopic form factors, 
namely, Fis, Fivy, Fos, and F2y. Taking sums and differences 
of the basic isotopic form factors one can obtain proton and 
neutron charge distributions. The latter prove to be consistent 
with known experimental facts including the rms radii of the 
two fundamental particles. The neutron appears to have a 
positive outer fringe of charge. We have developed also the 
density distributions of the magnetic moments of the proton 
and neutron, which again are consistent with known experi- 
mental facts. 

1C. De Vries, R. Hofstadter, and Robert Herman (preceding abstract). 


263 (i900 _ F. Bumiller, and M. Croissiaux, Phys. Rev. Letters 5, 


S4. Small Angle Polarizations and Cross Sections at 146 
Mev.* D. J. STEINBERG, J. N. PALMIERI, AND A. M. CorMACK, 
Harvard University.—Polarization and cross sections at 146 
Mev have been measured in the angular range 2°-11° for 
beryllium, carbon, and aluminum, and from 34° to 10° and 
34° to 7° for iron and tantalum, respectively. Careful align- 
ment of the apparatus and continual monitoring of the incident 
beam position permitted the polarizations to be measured to 
+0.01. By utilizing a telescope with angular resolution of }° 
full width, and with multiple air scattering, background, and 
random coincidences experimentally eliminated, the relative 
cross sections were measured to +0.7% and the absolute cross 
sections to +2%. The polarizations tend smoothly toward 


zero at the smallest angles, and the values in the interference 
region are about the same from element to element except for 
tantalum whose values are approximately half as great. The 
absolute cross sections for carbon are higher by about 20% 
than the Harwell results, and are in consequent agreement 
with the values suggested by Wilson.! 

the Office of Nav 


* Supported by the joint program of al Research and 


the U. S. Atomic Energy Commission. 
1 Richard Wilson, Phys. Rev. 114, 260 (1959). 


SS. Neutron-Proton Coherent Scattering Amplitude.* 
L. PassELL, W. C. Dicktnson, W. BARTOLINI, AND O. HAL- 
PERN,{ Lawrence Radiation Laboratory.—The neutron-proton 
coherent scattering amplitude has been measured by two in- 
dependent but related methods. The first method, developed 
originally by Burgy e¢ al.,! involves determining the angles 
which give the same intensity of neutron reflection from a 
series of four liquid hydrocarbons with hydrogen-to-carbon 
ratios of 1.4, 1.5, 1.6, and 1.7. This method determines the 
hydrogen scattering amplitude in terms of the accurately 
known carbon scattering amplitude and is capable of very 
high precision. The second method involves comparison of the 
intensities reflected from water and dodecene (Cj2H2). This 
gives the hydrogen scattering amplitude in terms of the carbon 
and oxygen scattering amplitudes. The preliminary result of 
our first experiment is ac¢/|aq| =1.773+0.005, compared to 
1.753+0.005 ubtained previously.! Possible explanations for 
the discrepancy are discussed. When our value is combined 
with the value for the carbon scattering amplitude 
ac = (6.62 +0.02) X 10-" cm we find for the hydrogen scattering 
amplitude ag =(—3.73+0.02) X10-" cm. Assuming ao/ac 
=0 879+0.005, the second experiment gives ac/|aq!| =1.78 
+0.01, in good agreement with the first result. 

* Work done under auspices of the U. S. Atomic Energy Com 


t Consultant to Lawrence Radiation Labor atory. 
T. Burgy, G. R. Ringo, and D. J. Hughes, 
(1981). 


nission 


Phys. Rev. 84, 1160 


S6. p-n, p-p, and p-d Triple Scattering Parameters at 140 
Mev: I. Experimental Method.* R. A. Horrman, J. LeE- 
FRANCOIS, E. H. THORNDIKE, AND RICHARD WILSON, Harvard 
University.—A liquid deuterium target is bombarded by a 
140-Mev polarized proton beam. Scatterings off the quasi-free 
neutrons are used to measure the proton-neutron triple scat- 
tering parameters, scatterings off the quasi-free protons give 
the proton-proton parameters, and elastic scatterings off the 
deuteron give the p-d parameters. The polarization of the 
scattered proton is analyzed by a third scattering on carbon, 
by previously described techniques. The p-m events are 
identified by detection of the recoil neutron in time coincidence 
with the triply scattered proton; the p-p events are distin- 
guished by detection of a recoil proton; the p-d elastic events 
are separated by energy analysis of the triply scattered proton. 
The counting arrangement used enables all three measure- 
ments to be made concurrently. Results will be presented and 
experimental errors discussed. 

* Supported by the joint program of the Office of Naval Research and 
the U. S. Atomic Energy Commission. 


1 E,. H. Thorndike, J. and Richard Wilson, Phys. Rev. 120, 
1819 (1960). 


Lefrancois, 
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S7. p-n, p-p, and p-d Triple Scattering Parameters at 140 
Mev: II. Analysis of Results. J. Lerrancots, R. A. HOFFMAN, 
E. H. THORNDIKE, AND RICHARD WILSON. Harvard University. 
—The p-p and p-n parameters measured using quasi-free 
target particles are related to those for free p-p and p-n scat- 
tering by the spectator model. This model assumes that the 
incident proton interacts with only one particle in the deu- 
teron, the momentum of the remaining (spectator) particle 
being unchanged. Theoretical calculations by Everett! show 
that, if the distinction between spectator and struck particle is 
unambiguous, corrections to this theory are small compared 
to our experimental errors. The angular and energy distribu- 
tion predicted by the spectator model have been investigated 
with a computer program. The variation in momentum of the 
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target particle, subject to the constraints of target and counter 
size, causes a variation in the correlation angle between the 
scattered and struck particle in the laboratory system (typi- 
cally +5°), in the incident energy in the system where the 
target particle is at rest (+10 Mev), and in the center of mass 
scattering angle (+5°). These three variations are strongly 
correlated. The p-d elastic triple scattering parameters are 
analyzed in simple impulse approximation, and related to the 
free p-n and p-p scattering amplitudes. A comparison will be 
made of our results with free p-p parameters and with semi- 
phenomenological predictions. 


1A, Everett, Ph.D. thesis, Harvard University, 1960 (unpublished), 
and private communication. 


WEDNESDAY AFTERNOON AT 2:00 


National Bureau of Standards, East Building 


(D. W. KErstT presiding) 


Plasma, I 


SAl. Dynamics of Ionized Gases.* THomas H. DuPREE, 
M.I.T. (introduced by D. J. Rose).—lonized gas dynamics is 
discussed in terms of two coupled equations for the one- and 
two-particle distribution functions. The equations have been 
obtained previously by multiple integration of the Liouville 
equation and a formal expansion in the specific volume. The 
two-particle equation is solved for a multi-component plasma 
in terms of two operators which depend on the one-particle 
functions. It is shown that these operators have a simple inter- 
pretation and lend an easy insight into the correlation mecha- 
nism. If one neglects the time dependence of the one-particle 
functions which occur in the operators, then the operators can 
be obtained explicitly. This procedure is shown to be valid for 
plasmas with “smooth”’ velocity distributions and no large 
inhomogeneities. When velocity instabilities exist, the correla- 
tion function is subject to growing oscillation. The ultimate 
effect of this instability is not clear. 


* This work was supported in part by the U. S. Army Signal Corps, the 
Air Force Office of Scientific Research, and the Office of Naval Research. 


SA2. Boltzmann Equation for a Plasma.* ARNOLD H. KRITz 
AND Davip MINTZER, Yale University.—A derivation of the 
Boltzmann equation for a plasma from the BBGKY equation 
has been considered. It is demonstrated that the internal elec- 
tric field is due to interactions of uncorrelated electrons; 
whereas, the collision term represents the effect of velocity 
correlation of two electrons. If the velocity dependent corre- 
lation function is assumed negligible, then 0H,/dt =0; i.e., the 
disorder of the plasma is fixed, and the system can not proceed 
from its initial state to equilibrium. The plasma equilibrium 
correlation function is derived using the Born and Green 
method.! 

* Supported by the Office of Naval Research. 


1 Born and Green, General Kinetic Theory of Liquids (Cambridge Uni- 
versity Press, New York, 1949). 


SA3. H-Theorem and Variational Principles for Plasmas.* 
Joe. L. LEBowi1t1z anp E. Morrts,t Yeshiva University.—The 
distribution functions f‘(r,&) of the components of an ionized 
plasma are generally assumed to obey a Fokker-Planck type 
equation. This equation like the Boltzmann equation, from 
which it can be “‘derived,’! is quadratic in the distribution 
functions. Unlike the Boltzmann equation, however, the distri- 


bution functions do not enter symmetrically here and it be- 
comes somewhat complicated to prove the H theorem for these 
equations. We have carried through the proof and find that the 
rate of entropy production due to collisions is proportional to 
DSdé San | (q—E)XLy Inf(&)/m—¥ Infi(m)/m;}}?_ which 
is positive and vanishes only for the case of Maxwellian distri- 
butions. The extension of the H theorem for more general 
equations of this form and the use of some variational prin- 
ciples for obtaining solutions of these equations will also be 
discussed. 

* Supported in part by the Air Force Office of Scientific Research and by 
the Atomic Energy Commission. 


t Now at Aldermaston, Englaad. 
1H. Grad, NYO-7980, New York University. 


SA4. Collision Frequency of a Plasma as a Function of 
Applied ac Frequency.* S. Yosuikawa, M.I.T.—-The Coulomb 
collision frequency, ve, was calculated by means of the time- 
dependent Fokker-Planck equation derived from the 6N- 
dimensional Liouville equation. The collision frequency was 
found to depend on the frequency, w, of the applied external 
field. The first-order approximation leads to the result pre- 
viously obtained by Ginsburg! in dc external field. The fre- 
quency dependence is contained only inside the Coulomb 
logarithm,? A, which is replaced by Aw,/w whenever w exceeds 
the plasma frequency, wy. This result can be interpreted as a 
decrease of the effective radius of the Debye sphere. Before an 
electron can travel a distance v9/w(v9 =average velocity of the 
electron) the external field reverses its sign; hence the lesser 
of vo/w and the Debye length vo/w, should enter as the cutoff 
of the Coulomb interaction. The former becomes shorter, if 
w >wy. The result follows. 


* This work was supported in part by the U. S. Army Signal Corps, the 
U. S. Air Force Office of Scientific Research, and the Office of Naval 


Research. 

1V. L. Ginsburg, J. Phys. (U.S.S.R.) 8, 253 (1944). 

2L. Spitzer, Jr., Physics of Fully lonized Gases (Interscience Publishers, 
Inc., New York, 1956), p. 73. 


SAS. Instability of the Double Sheath.* Francis F. CHEN, 
Princeton University.—-Space-charge limited electron emission 
from an infinite plane immersed in an infinite plasma has been 
computed for the case A (ion-neutral mfp) >A (Debye length). 
In contrast to previous work, this problem is independent of 
the details of creation of the plasma, as long as the plasma 
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parameters are specified, and contains only the two lengths 
and h. In the case V>kT,, where V is the potential difference 
between plasma and emitter, it is reasonable to assume that 
the ion flux J, to the emitter is mo(kT./M)*. The solution then 
becomes very simple, the relation between V and the emitted 
current, J,, being given analytically. J, rises with V but 
approaches (M/m)*I, asymptotically at high V. Also J, is 
proportional to mo, which means that a hot cathode discharge 
will be unstable under fluctuations in emission. This may 
explain low-frequency fluctuations observed in a reflex arc by 
the author and in mercury discharges by others.? This theory 
also predicts the behavior of an emitting probe in a strong 
magnetic field. 
* Work performed under auspices of U. S. Atomic Energy Commission. 


11. Langmuir, Phys. Rev. 33, 954 (1929). 
2F. W. Crawford (unpublished). 


SA6. Interaction of Relativistic Electron Beams with a 
Quasi-Neutral Plasma.* N. CuristoriLos, Lawrence Radiation 
Laboratory, Livermore.—The interaction of finite size electron 
beams with high frequency electromagnetic waves in the 
presence of a quasineutral plasma has been stucied. The effect 
of the finite beam size, with a smooth variation of the density, 
is that normal mode solutions satisfying the boundary condi- 
tions require that the curl of the electric field is finite through- 
out the region of the beam, resulting in coupling the unstable 
longitudinal mode with a stable transverse mode. The dis- 
persion relation is a second order differential equation which 
has been examined in the two particular cases of a cylindrical 
beam and a finite slab of streaming electrons. In both cases a 
Maxwellian transverse velocity distribution is assumed re- 
sulting in a self-consistent solution of the density distribution 
transversely to the stream. The solutions of the equation yield 
harmonic oscillations which are stable under certain sets of 


parameters. If the variation of the beam density is neglected 
the equation assumes the familiar form of the dispersion 
relation of the two-stream instability. Possible application of 
this problem in the Astron E layer will be discussed. 


* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


SA7. Thermalization of Fast Ion Groups in a Plasma. 
HERBERT C. KRANZER, Adelphi College (introduced by 
R. D. Richtmyer).—The process of thermalization of a single 
fast ion injected into a plasma in equilibrium was studied by 
Kranzer.! The procedure used was numerical integration of the 
fully linearized Fokker-Planck equation with time-inde- 
pendent coefficients corresponding to an undisturbed plasma. 
In some proposed thermonuclear reactors, however, a whole 
group of ions, few in number but high in energy, would be 
injected. These ions would continuously transfer energy to the 
plasma during thermalization, significantly altering the 
coefficients in the Fokker-Planck equation. Accordingly, the 
computations of Kranzer have been repeated with two modifi- 
cations. First, the initial ion distribution is taken as 
Maxwellian rather than as a delta function. Second, the plasma 
ions and electrons are allowed (separately) to increase in 
temperature as the injected ions cool down; the total energy 
of the system remains constant. In general, the mean time of 
thermalization for a group of fast ions is found to be longer 
than for a single ion at the same temperature. 


1H. C. Kranzer, Phys. Fluids 4, 214 (1961). 


SA8. Effect of Collisions on Landau Damping of Plasma 
Oscillations. Pa1tip M. PLATZMAN AND S. J. BucusBavm, Bell 
Telephone Laboratories.—The-effect of collisions on the Landau 
damping of a one-dimensional longitudinal plasma oscillation 
in the absence of a magnetic field is analyzed. It is found that 
in a steady state, collisions (no matter how few in number) 
affect the velocity distribution of the trapped electrons and 
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thus play a major role in determining the Landau damping. 
We find that when the damping is small (Jmk<Rek), it is 
reduced from its collisionless value by a factor v*/(v?+? 
where » is the electron collision frequency for momentum 
transfer and Q?=zEk/m is the frequency of oscillations of a 
trapped electron in the approximately parabolic potential 
trough of the wave. 


SA9. Magnetic Confinement of a Maxwellian Plasma. 
GEORGE ScumipT,* Stevens Instituie of Technology, AND DavIp 
FINKELSTEIN, Stevens Institute of Technology, New York Uni- 
versity, and Yeshiva University.—Can a “high beta” plasma 
whose interior is Maxwellian be completely confined by a static 
magnetic field? Self-consistent solutions are sought for a 
collisionless stationary Maxwellian plasma occupying a region 
in space with no internal magnetic field, separated by a 
boundary layer from a region of uniform magnetic field and 
vanishing plasma. If particles trapped in the boundary layer 
are excluded the problem is uniquely determined by the self- 
consistent equations. It is found that such a solution does exist 
and the distribution function at any point is a truncated 
Maxwellian distribution. The addition of trapped particles 
results in a new class of solutions. 


* Supported by the U. S, Atomic Encrgy Commission 


SA10. Equilibria and Stabilities of Slightly Asymmetric 
Plasma Columns.* T. OnKAwat AND D. W. KeErst, General 
Dynamics Corporation.—When the equilibria and the stabili- 
ties of plasma columns which are cylindrically symmetric and 
surrounded by conducting walls are considered, the so-called 
singular surface where krB,+mBy vanishes plays an important 
role by separating the plasma column into two separate 
regions. However, if the degeneracy due to the symmetry is 
removed, the singular surface disappears and the finite number 
of singular lines which might be called magnetic axes appear. 
The symmetric equilibria, which could be reached continuously 
from asymmetric ones by diminishing asymmetric boundary 
conditions, have the common property that the pressure 
gradient vanishes on the surface. The behavior of the charac- 
teristic differential equations for stability calculations is quite 
different for these equilibria. Several examples of the equilibria 
and the stability criteria will be discussed. 

* Research on controlled thermonuclear reactions is a jo'nt program 
carried out by General Atomic and the Texas Atomic Energy Research 


Foundation. i 
t On leave from the University of Tokyo. 


SA11. Particle Diffusion Across a Magnetic Field. Joseru 
SLEPIAN, Pittsburgh, Pa.—Lyman Spitzer, Jr.,! is surprised 
that R. A. Ellis et al.? experimentally verify the conclusion of 
my Letter’ explaining that pv- Vv should not be omitted from 
the equation for a hot completely ionized plasma within a 
conducting container which can accept only electrons and an 
equal charge of positive ions. He cites a number of theoretical 
references which led him to the opposite belief. The first of 
these is to J. L. Johnson et al.* who write for their first equation 
VP =jXB when it should have been pv-Vv+VP=jXB. A 
second reference is to J. L. Johnson® who makes the same 
mistake again. A third reference is to I. B. Bernstein ef al.* who 
state that references 4 and 5 are theoretically sound except for 
certain low-frequency ion waves. The remaining references are 
not immediately available to me except that one of D. Bohm’s 
which is empirical and contradicts the assumption of pv-Vv 
being negligible. 

1L. Spitzer, Jr., Phys. Fluids 3, 659 (1960). 

2R. A. Ellis, Jr., L. P. Goldberg, and J. G. Gorman, Phys. Fluids 3, 468 
(1960). 

4 J. Slepian, Phys. Fluids 3, 490 (1960). 

4J. L. Johnson, C. R. Oberman, R. M. Kulsrud, and F. A. Frieman, Phys. 
Fluids 1, 281 (1958). 

5 J. L. Johnson, Phys. Fluids 3, 658 (1960). 

‘1. B. ein, E. A. Frieman, R. M. Kulsrud, and M. N. Rosenbluth, 
Phys. Fluids 3, 136 (1960). 
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Strange Particles 


Tl. Charge Exchange Production of Antineutrons and 
Antineutron Annihilation in Hydrogen.* C. K. HINRICus, 
B. J. Moyer, P. M. OGpEN, AND J. A. PorrieR, Lawrence 
Radiation Laboratory, Berkeley—A separated beam of 1.63 
Bev/c antiprotons was directed into the 72-in. hydrogen bubble 
chamber where three charge exchange reactions were studied: 
1) p+p—n-+n; (2) P+peAt+nt+; (3) P+prit+ptnr. 
The cross section obtained for (1) plus (2) was 7.9+0.5 mb. 
That found for (3) was 1.0+0.3 mb implying a similar value 
for reaction (2). The angular differential cross section for (1) 
was strongly peaked forward with a value at 0 degrees of 
5.5+1.0 mb/sr. However, the 12% contamination from (2) 
was included. There were antineutrons from (1) and (2) 
annihilated in the chamber yielding an annihilation cross 
section of 44.6+5.2 mb. The ratio of the number of annihila- 
tions containing five charged pions to those containing three 
charged pions, and the momentum distribution of the pions 
have been compared to predictions of the statistical model. 
This model used the covariant phase space integrals of 
Srivastava and Sudarshan and the branching ratios given by 
Pais. Reasonable agreement was obtained for a volume five 
times that of a sphere with a radius of one pion compton 
wave length. 


* Supported by the U. S. Atomic Energy Commission. 


T2. Reaction =~ +)— A+6 From Threshold to 870 Mev.* 
L. BERTANZzA, P. L. ConNOLLy, B. B. CuLwick, F. R. EIsLer, 
T. W. Morris, R. B. Parmer, A. G. PRODELL, AND N. P 
Samios, Brookhaven National Laboratory.-The Brookhaven 
National Laboratory’s 20-in. liquid hydrogen bubble chamber 
was exposed to negative pion beams of 770-, 790-, 835-, and 
870-Mev kinetic energy. 10000 pictures were taken at 770- 
Mev kinetic energy and 50 000 pictures at each of the other 
energies, with approximately 30 tracks per pictures. Thus far 
we have obtained 200 events at 790 Mev and expect 400 to 500 
events at both 835 and 870 Mev. Total and differential cross 
sections as well as the A polarizations will be presented and 
discussed in the light of the rapid variation of the A+6 cross 
section in this energy interval. 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 


T3. Production of the Ax Resonance by 1.15 Bev/c K- 
Mesons.* R. P. Ety, S. Y. Func, G. Grpar, Y. L. PAn, 
W. M. PowELL, AND H. Wuite, Lawrence Radiation Labora- 
tory, Berkeley —We have studied the reactions K-+P— Al 
+an*++n- and K~+N-—> A®°+2°+2~ produced by the inter- 
actions of 1.15 Bev/c K~ mesons in the Berkeley 30-in. propane 
bubble chamber, and observe the production of the Az reso- 
nance! ( Y*) in both the charged and neutral modes. The reso- 
nance parameters from a preliminary sample are Ep =130+8 
Mev, ' =25+10 Mev where Ep is the peak resonance energy 
and T is the half-width at half-maximum. Results based on 
150 events of K~-+P — Y**+2x* and 90 events of K-+N 
— Y*“+7° will be presented including production cross 
sections, resonance parameters, and decay angular distribu- 
tions of the Y*. 


* This work was done under the auspices of the U. S. Atomic Energy 


Commission. 
1M. Alston, L. W. Alvarez, P. Eberhard, M. L. Good, W. Graziano, 
Letters 5, 520 (1960 


H. K. Ticho, and S, G. Wojcicki, Phys. Rev. 


T4. Production of Hyperfragments from K~ Capture in 
Nuclear Emulsion.* O. SkyeGGestap, R. G. AMMAR,f 
N. Crayton, R. Levi-Setti anp M. Raymunp, University of 
Chicago, AND D. ABELEDO AND L. CuHoy, Northwestern Uni- 
versity—We studied 436 K--capture stars emitting mesic 
hyperfragments (HF) in an attempt to underatand the 
mechanism of their production. Of these, 390 were found in a 
stack of standard K5 and L4 emulsion (EFINS-NU collabora- 
tion!), and 46 were in a stack of K5 2X diluted emulsion. In 
addition, about 120 K~ stars yielding Li* fragments were 
considered. A separation between captures in light and heavy 
elements has been achieved making use of the prong-range 
cutoff arising from the Coulomb barrier of Ag and Br. Lower 
limits for HF emission from light elements are 50, 70, 80, and 
80% for aH, aHe, aLi, and Li’. The range distributions on 
~60 aLi and ~100 Li® tracks are indistinguishable. Analogous 
results are obtained for the range distribution of ~150 ,He 
and of ~500 stable prongs of range <150 4 (mostly @ par- 
ticles). The HF momentum was found to point preferentially 
opposite to that of the associated 7 or fast proton. Various 
hypothesis for the HF production mechanism will be discussed. 

* Research supported by the U. S. Air Force Office of Scientific Research. 

t Now at Northwestern University. 

?R. G. Ammar, R. Levi-Setti, S. Limentani, P. E. Schlein, W. E. Slater, 


and P. H,. Steinberg. Nuovo cimento 13, 1456 (1959); 15, 181 (1960) and 
December 15, 1960. 


TS. K*-Proton Interactions Below 100 Mev.* T. Srusss, 
S. GoLDHABER, H. BRADNER, W. Cutnowsky,t G. GoLp- 
HABER, W. LEE, AND T. O'HALLORAN, Lawrence Radiation 
Laboratory, Berkeley, AND W. SLATER, D. STorK, AND 
H. K. Ticno, University of California, Los Angeles.—The LRL 
15 in. hydrogen-deuterium bubble chamber was exposed to 
an electromagnetically separated beam of K* mesons at 
various energies. The experimental arrangement and partial 
results of this work have been previously reported! on K* 
proton scattering in the energy range 5 to 85 Mev. The angular 
distribution of 700 events analyzed to date is well fitted with 
pure S-wave nuclear scattering and constructive coulomb 
interference. This verifies the previous result of Kycia et al.? 
that the K*—P potential is repulsive. The total path length of 
Kt-meson track, as a function of energy, is being evaluated to 
permit a determination of the total cross-section, which will 
be reported. 

* Work supported in part by the U. S. Atomic Energy Commission. 

+t On leave from Brookhaven National Laboratory. 

1 Proceedings of the 1960 Annual International Conference of High 


E —— Physics at Rochester, p. 451. 
. Kycia, L. T. Kerth, and R. G. Baender, Phys. Rev. 118, 553 
(1966). 


T6. (Abstract withdrawn.) 
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T7. K~ Interactions in Hydrogen at 1.15 Bev/c.* Mar- 
GARET ALSTON, L. W. ALVAREZ, P. EBERHARD,f M. L. Goop,f 
W. Graziano, H. K. Ticno,§ ano S. G. Wojcick1, Lawrence 
Radiation Laboratory, Berkeley—The study of K~-p inter- 
actions at 1.15 Bev/c in the Berkeley hydrogen bubble 
chamber has been continued. In addition to the Artz events 
already published,' about 600 other hyperon-production events 
have been observed. In both =*+a~ and 2~x* production there 
is a backward peaking in the angular distribution of the 
hyperon. From the +27 production events we find that the 
branching ratio 


(Y*121 > 2+7)/(¥*121 > A+n) 


is small and consistent with zero. Total cross sections for all 
the hyperon-producing channels will be presented. 

* Work done under the auspices of the U. S. Atomic Energy Commission. 

+ Presently at Laboratoire de Physique Atomique, College de France. 

; Presently at University of Wisconsin. 

Presently at University of California at Ios Angeles. 

1M. Alston, L. W. Alvarez, P. Eberhard, M. L. Good, W. Graziano, 

H. K. Ticho, and S. G. Wojcicki, Phys. Rev. Letters 5, 520 (1960). 


T8. Evidence for Low Rates of Electronic Decays of Hyper- 
ons.* WILLIAM E. HUMPHREY, JANOS KIRz, AND ARTHUR H. 
ROSENFELD, Lawrence Radiation Laboratory, Berkeley, AND 
Jack LEITNER, Syracuse University ——We have examined for 
leptonic decay ~6000 =~, ~2500 =*, and ~1400 A particles 
produced in the Berkeley 15-in. hydrogen bubble chamber by 
K~ captures.! We sought decay tracks with a momentum of 
£100 Mev/c leaving a 2, and noncoplanar A decays. Thus our 
efficiency for detecting 2 — e~ is ~1/3 and for A > e~ ~80%. 
No =~ nor new A ~e events have been positively identified. 
Three =~ candidates have been found,? one of which had a 
50-Mev/c electron leaving the decay vertex. According to the 
most naive form of the Universal Fermi Interaction,? we 
should have seen ~110 =~ — e~ and ~18 A — e~. Hence rates 
of leptonic decays of hyperons seem lower by a little more than 
an order of magnitude than those predicted. This discrepancy 
resembles the well-known suppression of K leptonic decays, 
compared to r > w+». 

* Work sponsored by the U. S 5 Apomnis Energy Commission. 

1 This includes a oa ae sample alrea owed i in which one A — ¢ was 
found. See P. Nordin, J. Orear, L. Real's H. Rosenfeld, F. T. Solmitz, 
H. D. Taft, oe R. D. Tripp, Phys. Rev. rt 1, 380 (1958); . Leitner, 
— A. H. Rosenfeld, F. T. Solmitz, and R. D. Tripp, ibid. 3, 186 

2 Some of these are -peaneely not Ares decays. Two decay tracks have 


not been ——~ identified as electrons. 
*R, P. Feynmann and M. Gell-Mann, Phys. Rev. 109, 193 (1958). 


T9. Measurements on Dalitz Pairs Produced in Nuclear 
Emulsions by 5.4-Bev x~-Mesons and 6.3-Bev Protons. 
P. L. JAIN AND H. C. Giane, University of Buffalo—We have 
observed about 20 electron-positron pairs from the Dalitz 
decay mode (2°—-y+e*+e-) in approximately 3000 stars 
found by area scanning in Ilford G-5 and K plates which were 
exposed to 5.4-Bev x~-meson! and 6.3-Bev proton beams. The 
distance s of the origin of the pair from the point of interaction 
was measured by two different methods and in each case the 
results were in good agreement. The angular distribution of 
the opening angles of the e* pairs from the Dalitz decay mode 
has a peak consistent with that observed in more than 100 e* 
pairs from the normal decay mode Preliminary 
results on the lifetime of the 7° meson estimated from the 
observed distances, s, will be presented. 
Lord, University 


(2° — 2+). 


1 We are grateful to Professor J. J. of Washington, for 


the 5.4-Bev x~ developed plates. 

T10. Antiproton Annihilation in Deuterium.* \V. CuHIN- 
OwWSKY{ AND E. SEGRE, University of California, Berkeley. 
The annihilation of antiprotons at rest in deuterium is being 
studied. With the LRL 15-in. deuterium-filled bubble chamber 
exposed to a highly separated P beam, there resulted one 
annihilation in ~15 pictures with a background flux of the 
order of four tracks per picture. A total of 45 000 pictures was 
obtained and ~15% of these have been scanned to date. 
Based on the 492 annihilation events in this partial sample, 
we find a ratio of proton annihilations to neutron annihilations 
1.34+40.12. Consider the annihilation on a mixture of equal 
number of neutrons and protons, neglecting the fact that they 
are bound in deuterons. Assume also, that the probability of 
annihilation into a given state of » pions is independent of J 
spin. Pais' has then shown that the ratio of the number of 
annihilations on protons to the number of annihilations on 
neutrons should be very close to 1.4. This agrees with observa- 
tion. If the annihilation occurred only in J=1, the ratio would 
be 1; if in J=0, there would be no annihilation on neutrons. 
The average number of charged prongs in the proton annihila- 
tions is 3.09+0.08; in the neutron annihilations it is 3.09 
+0.09. Only 3 K,° decays have been observed, implying a 
K-meson production in these stars of the order of 2% 

* Supported by the U. S. Atomic Energy Commission 

t On leave from Brookhaven National Laboratory. 

1A, Pais, Ann. of Phys. 9, 548 (1960). 

T11. Sign of the Nuclear Potential for = Hyperons.* 
H. E. Fisk anp D. J. Prowse, University of California at Los 
Angeles.—Search has been continued for elastic collisions of 
=* and =~ hyperons with bound emulsion nucleons. Together 
with other data available on this process, the results obtained 
have been analyzed on the basis of a very simple model de- 
signed to give the sign of the nuclear potential which the = 
hyperons experience in the nucleus. Indications from this 
analysis are that the potential is attractive, in agreement with 
previous results! from other types of experiments. 

* Supported in part by the U. S. Atomic Energy Commission. 

«seen instance: I. E. McCarthy and D. J. Prowse, Nuclear Phys. 17, 96 
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General Solid-State Physics, II 


TAI. Structure Constants for a Cubic Crystal.* HERBERT 
Kurss, Polytechnic Institute of Brooklyn—In the cavity 
approach of Kohn-Rostoker-Korringa for computing the band 


structure of a cubic crystal of spherically symmetric scatterers 
a key item is the calculation of certain lattice sums which are 
referred to as structure constants. Formulas for the evaluation 
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of these lattice sums are derived by judicious applications of 
the Poisson transform. This Poisson transform approach 
provides a useful alternative to the Laplace transform 
approach of P. P. Ewald. 


* This work was supported by the U. S. Signal Corps. 


TA2. Analysis of Crystal Faceting as a Linear Programming 
Problem. W. W. MULLINS AND R. F. SEKERKA.—The deter- 
mination of the minimum free energy that an infinite planar 
surface can achieve by faceting (breaking up into orientations 
other than the one originally present) is formulated as a linear 
programming (LP) problem. By appealing to the dual theorem 
of the LP theory, the minimum is found in terms of a construc- 
tion carried out on the Gibbs-Wulff equilibrium form. The 
construction also gives the orientations present on the faceted 
surface. A I’ plot is constructed, representing the minimum 
energy attainable by faceting as a function of orientation. 
Certain previous results due to Herring are reinterpreted by 
comparing the [ plot with the ordinary polar plot of free 
energy (7 plot). 


TA3. Band Structure of Solid Argon.* Rospert S. Knox, 
University of Rochester, AND FRANCO BASSANI, Argonne 
National Laboratory—The OPW method, as modified by 
Bassani and Celli, has been used to compute the lowest-lying 
conduction states in (fcc) solid argon at the symmetry points 
r, X, L, and K. The 3s and 3p valence bands have been treated 
by simple tight binding theory. The potential consists of a sum 
of effective atomic potentials, where a free electron-like 
expression is used for the exchange contribution.? The lowest 
conduction state appears to be [,, lying 12.4 ev above the 
highest valence state (I',;). The reliability of the potential 
used will be discussed, and the results of the computation will 
be compared with present experimental and_ theoretical 
knowledge of the electronic structure of the solid rare gases. 

* Based on work performed under the auspices of the U. S. Atomic 
Energy Commission and supported in part by the U. S. Air Force Office of 
Scientific Research. 

1F, Bassani and V. Celli, J. Phys. Chem. Solids (to be published). 


2 R. Casella, Phys. Rev. 104, 1260 (1956); J. C. Slater, Phys. Rev. 81, 
385 (1951). 


TA4. High-Temperature Limits and Temperature Depend- 
ence of the Debye Characteristic Temperatures for the Ther- 
modynamic Functions of a Solid.* Mario Tos! AND Fausto 


Fumi,t Argonne National Laboratory.—The _ well-known 
Thirring expansions for the thermal and vibrational energy of 
a nonmetal, and the Thirring-like expansion for its entropy, 
provide a direct analytical proof for the explicit temperature 
dependence of the Debye characteristic temperature appro- 
priate to a given thermodynamic function in the temperature 
range of validity of these expansions (7 >80°K for a solid 
with a maximum vibrational frequency of 10'* sec~), and they 
demonstrate the difference between the Debye characteristic 
temperatures for the entropy, the heat capacity, and the 
thermal energy at high temperatures. The explicit tempera- 
ture dependence of the Debye characteristic temperature for a 
given thermodynamic function can be established analytically 
also at low temperatures, where only long-wave acoustic modes 
are thermally excited. 

* Based on work performed under the auspices of the U. S. Atomic Energy 


Commission. ‘ oe ; : 
t On leave of absence from the University of Pavia, Italy. 


TAS. On the Hildebrand and Mie-Griineisen Approxima- 
tions to the Equation of State of Cubic Solids.* Fausto Fumit 
AND Mario Tosi, Argonne National Laboratory.—An analysis 
is made of the conditions under which the equation of state of 
a cubic nonmetal under hydrostatic pressure reduces to the 
forms given by the Hildebrand or Mie-Griineisen approxima- 
tions, which are commonly used to investigate the volume 
dependence of the lattice energy with the help of empirical 
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data. The analysis is based upon the restrictions that the 
validity of these approximations imposes on the dependence 
of the thermodynamic functions of the solid on its temperature 
and volume, and consists of a search for temperature ranges 
where these restrictions are satisfied in the quasi-harmonic 
approximation. The analysis shows, in particular, that at 
moderate temperatures above the Debye characteristic tem- 
perature for the heat capacity at high temperatures, the 
equation of state has the form given by the Hildebrand 
approximation for the vibrational energy, while in the low 
temperature 7* region of the heat capacity it has the form 
given by the thermal formulation of the Mie-Griineisen 
approximation. 

* Based on work performed under the auspices of the U. S. Atomic 


Energy Commission. : 
t On leave of absence from the University of Pavia, Italy. 


TA6. Approximation Functions for the Frequency Distri- 
bution and Specific Heat of Lattice Vibrations.* R. A. Sack,t 
University of Chicago (introduced by C. C. J. Roothaan).—In 
a three-dimensional lattice the distribution of vibrational 
frequencies w as a function of X =(w/wz)*, where wz is the 
upper limit of the spectrum, can be expressed as (X — X?)? y(X) 
where ¢(X) is regular at both limits. Any expression of ¢(X) 
is best carried out in terms of Chebyshev polynomials, S,. The 
dependence of the specific heat C, on temperature correspond- 
ing to S, has been tabulated for n up to 7. The higher terms 
contribute little to C, at high or moderate temperatures; at 
low temperatures power series are most appropriate. The 
coefficients of the Chebyshev expansion are easily calculated 
from either theoretically computed moments or from meas- 
ured values of C,. 

* Work assisted in part by the Wright Patterson Air Force Base Dayton, 


Ohio, and in part by a grant from the National Science Foundation. 
t Permanent address: Royal Technical College, Salford, England. 


TA7. Theory on Lattice Thermal Conductivity. Joun H. 
HENKEL, University of Georgia.—Lattice thermal conduction 
is explained first, using a linear chain of identical atoms in 
which each atom moves about its mean position in a potential 
field because of all the atoms at rest in their mean positions. 
Thermal conduction is introduced using perturbing second 
degree potentials (not third degree). This model leads to the 
results that thermal conduction is proportional to the first 
power of the inverse temperature for relatively high tempera- 
tures and decreases exponentially for low temperatures. The 
extension to a three-dimensional lattice is easily made and 
quantitative results are easily obtained. This model is an 
Einstein type model and is useful only at relatively high 
temperatures. A Debye type model is then introduced. 


TA8. Classical Scattering by Repulsive Potentials and 
Irradiation Effects in Solids.* E. M. Baroopy, Battelle Me- 
mortal Institute-—Earlier approximations! are extended with 
greater emphasis on analytic methods. Certain cross sections 
for scattering by a repulsive interatomic potential V(r) are ex- 
pressed in terms of the distance of closest approach in a head- 
on collision c and y= —(dInV/dInr),. The differential cross 
section for 180° scattering is o(4) =(c/2I»)*, where Io is an in- 
tegral determined by V(r) and c. For a simple exponential po- 
tential and large v, Jo =1+(1n4)/y —1.368/y?+3,41/y?+---. 
The focusing parameter for collisions in a linear chain of 
identical atoms with separation S is A = (0;41/0;) =(SIo/c) —1. 
Application to the (110) chains in copper gives slightly less 
focusing than found in machine calculations? on a_ three- 
dimensional model. The difference may arise from the effect 
of neighboring chains. 

* Supported by the Aeronautical Research Laboratories, Wright Air 
Development Division. 

1 E, M. Baroody, Bull. Am. Phys. Soc. 5, 340 (1960). 


2J. B. Gibson, A. N. Goland, M. Milgram, and G. H. Vineyard, Phys. 
Rev. 120, 1229 (1960). 
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TA9. Activation Energies of Monocrystalline Boron.* 
R. A. BRUNGs AND V. P. JACOBSMEYER, Saint Louis University. 
—The thermal and optical activation energies were measured 
for five samples of the 8-rhombohedral polymorph of boron.' 
Three samples were monocrystalline, one a double crystal, and 
the last was nearly polycrystalline. The dimensions of the 
samples were approximately 4X1 X0.8 mm, with a density of 
2.33 g/cm’. The activation energies are: 

Optical band 
(ev) 


1.35 +0.08 
1.33 4.0.05 
1,32 40.05 


Thermal band gap 
(ev) 


Crystal direction 


010 1.27 +0.03 
101 1.28 +0.03 
parallel to (101) 


1.35 +0.03 
The optical band gap of the nearly polycrystalline sample was 
found to be 1.53+0.06 ev. These measurements will be 
compared with previous experimental results. 


* Supported in part by Office of Ordnance Research. 
1 The bulk boron was obtained from U. S. Army Signal Rseearch and 
Development Laboratory, Fort Monmouth, New Jersey. 


TAI10. Resistance of Shocked Solids and Deduction of 
Shock Temperatures.* BERNIE ALDER AND RICHARD GROVER, 
Lawrence Radiation Laboratory, Livermore-——Methods have 
been developed to measure the resistivity of a material at a 
given shock pressure and several temperatures by a variation 
of the initial temperature. If a minimum of three initial tem- 
peratures are used, it is then possible from the resistivity data 
to deduce approximately the energy gap and the temperature 
at the given condition. Application to iodine has shown the 
energy gap is consistent with static measurements and that 
the temperature is also consistent with the value calculated 
from Hugoniot data by means of Gruneisen theory. However, 
in order to test such a theory critically, more extensive data is 
required to determine the temperature accurately. 


* Supported by the U. S. Atomic Energy Commission. 


TA11. Some Measured Properties of a Dynamic Hard 
Sphere Model. Georce H. Gitmer, University of Virginia, 
AND Davip TURNBULL, General Electric Research Laboratory.— 
Methods have been developed for measuring the ‘‘pressure”’ 
and some other properties of the two-dimensional dynamic 
hard sphere model described by Turnbull and Cormia.! The 
pressure, velocity distribution, radial distribution function, 
and self diffusion coefficient have been measured as functions 
of density, using-polyethylene spheres. Where comparison is 
possible the results are in good agreement with the results of 
the Monte Carlo calculations for a hard sphere system. The 
model exhibits a first order fluid — crystal transition. The self- 
diffusion coefficient in the fluid is in fair agreement with the 
Longuet-Higgins-Pople relation at intermediate densities but 
falls considerably below this relation at the highest densities. 


!D. Turnbull and R. L. Cormia, J. Appl. Phys. 31, 674 (1960). 
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TA12. Carrier Concentration Variation in Organic Solids. 
HERBERT METTE AND WAYNE R. WENGER, U. S. Army Signal 
Laboratory.—A ferrocene derivative has been discovered which 
permits the arbitrary variation of the number of conduction 
carriers by orders of magnitude by means of ‘‘controlled”’ 
partial polymerization. This material may serve as a model 
substance for investigating the conduction mechanism and 
sources of electrons in organic and metallo-organic solids 
Analogous to the behavior of inorganic semiconductors with 
increasing doping, the logp vs 1/T curves are broken lines with 
activation energies of 2.1 ev, corresponding to the pure, and 
0.6 ev, corresponding to the polymerized material, with the 
break shifting to higher temperatures with increasing poly 
merization. The resistivities were between 10° and 10% ohm 
cm. Assuming an equal order of magnitude for all mobilities, 
the curves indicate that an increase of 0.6-ev carriers at each 
temperature is accompanied by a corresponding decrease in 
the concentration of 2.1-ev carriers. As a result of these findings 
and the infrared studies, it is tentatively concluded that the 
source of free carriers is identical with or related to those bonds 
that polymerize first. The material studied was polycrystalline 
1.1’-dibenzoyl ferrocene which is very stable and slightly 
volatile up to its melting point of 102°C. 


TA13. Comparison of Shear Coefficients with Single Re- 
laxation Theory for Diphenyl Hexachloride. D. O. MILEs, 
Lockheed Missiles and Space Division—A pure sinusoidal 
shear is applied to a sample of diphenyl] hexachloride at several 
temperatures in the frequency range 10—10* cps. The shear 
rigidity and shear viscosity are obtained as functions of fre- 
quency at each temperature. Comparison at low frequencies 
with static measurements by others is within experimental 
error. The experimental data are fitted with excellent agree- 
ment to single relaxation theory. The significance of this 
agreement is discussed in light of evidence that compressional 
effects in the same liquid occur over a distribution of relaxation 
times. Although a difference in the distribution functions of 
relaxation times for shear and compressional processes has 
been previously observed by uitrasonic measurements in some 
liquids, no theoretical explanation has appeared. An attempt 
is made to explain the difference in distribution functions 
using the Debye-Frenkel rearrangement theory. The theory 
leads us to conclude that diphenyl hexachloride, as other 
liquids, has a distribution of relaxation times for shear as well 
as for compressional processes, but the distribution for shear 
is too narrow to detect experimentally. The temperature 
dependence of the high frequency shear rigidity is also ob- 
tained, and the expected plateau is observed at the glass 
transition. 


WEDNESDAY AFTERNOON AT 2:00 


Burgundy Room 


(C. W. Urrorp presiding) 


Theory, V; Nuclear Reactions 


TB1. Interaction Moments in the Light Nuclei. Cari 
WERNTZ, University of Wisconsin.—The phenomenological 
interaction moment operators of Austern and Sachs! have been 
used to calculate corrections to cross sections for mangetic 
dipole capture of thermal neutrons by the proton, the dueteron, 
and He’®. It has been found that these interaction moment 
operators yield a consistent explanation of the three capture 
cross sections as well as the deuteron and triton magnetic 


moments if (a) D-state probabilities ~4% are taken for the 
ground states of H?, H’, He*, and He‘, and (b) spin-orbit 
forces are taken to be negligible. 

1N. Austern and R. G. Sachs, Phys. Rev. 82, 710 (1951). 

TB2. Calculation of Inelastic Neutron Scattering from 


Zirconium-90 and Niobium-93. D. T. GoLpMANn, Knolls 
Atomic Power Laboratory.*—The Hauser-Feshbach theory for 
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the inelastic scattering of neutrons has been generalized to 
include spin-orbit penetrabilities. Formulas for the total and 
differential scattering cross sections will be presented. The 
extended theory has been used to calculate the cross section 
for the sacttering of neutrons from Zr® and Nb*. The penetra- 
bilities, T ;/ were calculated from an optical potential whose 
parameters were chosen so that the total and elastic cross 
sections were given correctly. The differential cross section 
and strength functions were also examined. The sensitivity of 
the calculated quantities to variations of the parameters has 
been investigated. The calculated cross section for the neutron 
excitation of Zr™ as function of energy has been compared with 
available experimental data. In the absence of complete data 
on branching ratios, no exact comparison can be made but 
general agreement between calculated and experimental values 
has been noted in the energy range of 2.8-3.7 Mev, and poorer 
agreement for a neutron energy of less than 2.8 Mev. The 
Nb®*® results were in good agreement with experimental values 
up to an incident energy of 1.25 Mev, the limit of the available 
data. It was possible to discern a difference in calculated results 
depending upon the choice of spins and parities. 


* Operated by the General Electric Company for the U. S. Atomic 
Exergy Commission, 


TB3. Elastic and Inelastic Scattering of Neutrons by Al?’. 
C. R. Lusitz anp D. T. GotpMan, Knolls Atomic Power 
Laboratory.*—Calculations similar to those of the preceding 
abstract! have been carried out for Al*?. With optical potential 
parameters that fit the elastic scattering and total cross sec- 
tions at various energies, it is possible to fit the 4.4 Mev (n,n’) 
data of Weddell? for the 0.84, 1.01, 2.21, 2.98, and 3.00 Mev 
levels, using the spin assignments suggested by the rotational 
collective model.* The only discrepancy is a predicted strong 
excitation of the (assumed) $+ level at 2.73 Mev, contrary 
to the low experimental cross section. This may represent a 
class of transitions (j;=j,) for which the statistical theory 
(Hauser-Feshbach) characteristically overestimates transitions 
rates, probably due to its neglect of all quantum numbers 
(selection rules) but spin and parity. 

* Operated by the General Electric Company for the U. S. Atomic Energy 
Commission. 

1D, T. Goldman (preceding abstract). 


2J. B. Weddell, Phys. Rev. 104, 1069 (1956). 
3 Almqvist, Bromley, Gove and Litherland, Nuclear Phys. 19, 1 (1960). 


TB4. Effects of Angular Momentum in Compound Nucleus 
Reactions.* T. DARRAH THOMAS, Brookhaven National Labo- 
ratory.—The statistical theory of nuclear reactions is used to 
calculate the rate with which a nucleus with excitation energy 
E; and angular momentum J will emit a neutron, proton, or 
alpha particle to leave a residual nucleus with excitation energy 
E; and angular momentum j. Two different approximations to 
the density of states are considered: w=C exp[2(aE)*] and 
w= C’ exp(E/T), where C, C’, T, and a are constants and E is 
the excitation energy. For large moments of inertia and 
w=Cexp[2(aE)*], 1, the width for particle emission, and ¢, 
the average kinetic energy of the emitted particle, both de- 
crease with increasing J. The lower the initial excitation, the 
more pronounced the effect. For small moments of inertia or 
w=C’exp(E/T), both T and e increase with J. The average 
value of the spin change, 7 —J, depends only slightly on which 
state density expression is assumed, but strongly on the mo- 
ment of inertia. Approximate expressions are presented for the 
variation with J of [ and ©. There are two principal effects of 
angular momentum on the competition between different 
kinds of particles. To first order, high angular momentum 
favors the emission of the particle that carries off the least 
energy. To second order, it favors the particle that carries off 
the most angular momentum. 


* Research performed under the auspices of the U. S. Atomic Energy 
Commission. 
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TBS. The Spin-Orbit Interaction in Deuteron Stripping.* 
W. Tosocman,f Case Institute of Technology, ANp W. R. Gipss, 
Rice University.—Calculations have been carried out using 
spin-orbit optical model wave functions in the distorted wave 
Born approximation. A sizeable polarization is predicted for 
the case of the neutron being captured with zero angular mo- 
mentum, The dependence of the polarization and cross section 
on the proton and deuteron spin-orbit interaction is also 
examined. It is seen that polarizations as large as those ob- 
served! may easily be obtained with the assumption of a 
spin-orbit potential. 
* Supported in part by the National Science Foundation. 


Tt On leave of absence from Rice University. 
1 J. C. Hensel and W. C. Parkinson, Phys. Rev. 110, 128 (1958). 


TB6. Two-Particle Stripping Calculations.* D. E. BiLHorn, 
Rice University, An» W. TopocmMan,f Case Institute of Tech- 
nology.—The usual plane wave Born approximation treat- 
ments of the two-nucleon stripping reaction assume that the 
(three or four) nucleons in the incident particle are all in a 
relative s state. We know that this is not realistic. By generaliz- 
ing the theory! we may use a more realistic wave function for 
the incident particle and study the effects on the angular 
distribution of the emergent particle. We present expressions 
for the (He*,p) and (t,p) reactions leading to final nuclei in 
which the two captured particles are in the » shell. Comparison 
with experiments will be discussed. 

* Supported by the Nati~nal Science Foundation. 

t Gn leave of absence ‘ Rice University. 

1W. Tobocman (to be .wolished), 


TB7. Mechanism for the He*(d,y)Li> Reaction.* T. A. 
TOMBRELLO AND G. C. PHILLips, Rice University.—A simple 
rearrangement calculation is made for the capture reaction 
He*(d,y)Li®. The mechanism proposed is that of a resonant 
E-1 capture process proceeding through the Sy partial wave 
and a strong nonresonant E-1 capture proceeding through the 
S; partial wave. The sum of these two contributions yields an 
excitation curve that is compared with the experimental results 
of Blair et al.1 A further result of this calculation is the energy 
distribution of protons coming from the break-up of the Py 
state of Li® that is formed by this capture reaction. 


* Supported in part by the U. S. Atomic Energy Commission. 
1]. M. Blair, N. M. Hintz, and D. M. Van Patter, Phys. Rev. 96, 1023 
(1954), 


TB8. Elastic Scattering by Bound Nuclei. G. T. TRAMMELL, 
Oak Ridge National Laboratory.—A slightly modified formula 
of Lamb! gives the elastic scattering amplitude for the resonant 
scattering of a particle by a nucleus which is bound in a crystal. 
The effect of the binding is represented by the factor 
(xnolexp[ —i(ky —ko) -r]| xno) if the level width is much larger 
than a mean intermediate energy transfer to the crystal 
(the nucleus doesn’t move much during collision), and by 
(xnolexp( —iky-r) | xn0(xnolexp(+iko-r)|xno) in the opposite 
extreme (Mdéssbauer) (the nucleus executes several oscillations 
during the collision) xno is the initial (and the final) crystal 
wave function, r the nuclear position, ko and ky the initial and 
final wave vectors. Resonant scattering of slow neutrons 
usually represents a case intermediate between the extremes 
and will be discussed. A generalization of Lamb’s formula for 
slow neutrons is derived: 


f=(M+m) M+ Dy a(n’) (xno |exp( —iky-1) | gn) 
X(¢nlexp(tko-r) | xno). 


Where the ¢, are crystal wave functions with the nuclear mass 
increased to M+m, a(k,’) is the free particles scattering length 
for c.m. energy ko?(2m)—!—e€n’+€no. This leads to the Fermi 
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result for potential scattering and the Lamb result for the 
resonance scattering. 


1W. E. Lamb, Phys. Rev. 55, 190 (1939), 


TB9. Alpha-Deuteron Model of the Li® Nucleus and the 
Be*(Li’,a) B!! Reaction. M. L. Rustc1,* National Research 
Council, Ottawa.—A calculation of the angular distribution of 
the particles emitted in the Be®(Li*,a)B" reaction is made on 
the assumption that it is a stripping reaction. An alpha-deu- 
teron model of the Li® nucleus is assumed. Moreover, the 
Coulomb effects of the interacting particles are neglected and 
the nuclear interaction between the outgoing particles is not 
taken into account. Comparison between the derived formula 
and the experimental data of Leigh and Blair! on the differ- 
ential cross section for the Be%(Li’a)B" reaction will be 
presented. 


* National Research Comes Postdoctorate Fellow, 1960-1961. 
1J. J. Leigh and J. M. Blair, Phys. Rev. 121, 246 (1961). 


TB10. Forces between Two Nuclei.* Husert REEVEs, 
Université de Montréal—The experimental reaction cross 
sections for collisions between various “heavy ions” (C, N", 
O16, F!%) has been analyzed. Far enough above the Coulomb 
barrier the asymptotic formula o = R? yields interaction radii 
(R) roughly equal to the sum of the radii of the colliding nuclei. 
However, in the region below the Coublomb barrier the cross 
sections in all cases fall much too rapidly to be accounted for 
in terms of purely attractive (Wood-Saxon type) complex 
potentials. To match the experimental results one has to de- 
crease progressively the interaction radii to almost unrealistic 
values, no matter what values were given to the other usual 
parameters. An analysis of these numerical results indicates 
that the inclusion of a repulsive core, followed by an attractive 
shell would get rid of such difficulties. It has already been 
pointed out! that the rearrangement of nucleonic orbits which 
would accompany such a reaction might well give rise to a 
repulsive force, as in, the case of molecules. 

* Work ormed under the auspices of the Atomic Energy of Canada, 


perf 
Chalk River, Ontario. 
1R, E. Peierls, at the Kingston meeting. 


TB11. Elastic Scattering of Heavy Nuclei.* J.S. McIntosu, 
S. C. Park, anp G. H. Rawitscuer, Yale University.— 
Attempts to calculate the small angle elastic scattering of 
heavy nuclei by neavy nuclei at low energies, previously re- 
ported! for N™ on N*, have been extended to the case of 
O'%—C and N“*—C®. As suggested by G. Breit, a potential 
energy derived from the known nucleon-nucleus scattering is 
employed for large internuclear distances. Absorption renders 
the scattering rather insensitive to the exact form of interac- 
tion energy assumed for small internuclear distances. Good 
agreement with the experimental results of Bromley et al.? for 
O'%—C® at Eom. =11.57 Mev in the angular range @cm up to 
70° can be obtained, and the assumptions involved will be 
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d.scussed. As a result, inferences on the single nucleon reduced 
width can be made. 


* Supported by the U. S. Atomic Energy Commission and by the Office 
of ae? Research, U. S. Army. 


McIntosh, S. C. Park, and G. H. Rawitscher, Reactions between 
Complex Nuclei, edited by A. Zucker, E. C. Halbert, and F. T. Howard 
GJohn Wiley & Sons, Inc., New York, 1960), p. 127. 


7D. A. Bromley, J. A. Kuehner, and E. Almavist, reference 1, p. 151. 


TB12. Tests of Accuracy of Nucleon Transfer Calculations.* 
Y. NisH1pa AND G. H. HERLING, Yale University.—The one- 
dimensional model of the nucleon transfer mechanism for 
which exact solutions are possible! has been used to estimate 
the accuracy of tunneling calculations employing the “‘energy 
matrix’’ approximation.? Since a translation of the three- 
dimensional case with small accelerations to the one-dimen- 
sional model with sudden reversal of motion is not possible, 
alternative parametrizations have been used and a partial 
analysis of differences in results of various calculations has 
been made. Classical mechanics is used for the motion of 
heavy aggregates. If the transition probability is kept the same 
by adjusting the distance of closest approach, the ratio of the 
exact to the energy matrix value in the asymmetric model for 
N"4(N"4.N38)N!5 is ~0.87 at 15 Mev incident energy. Other 
reactions and conditions of comparison will be discussed. 


* Supported by U. S. Atomic Energy Commission and by the Office of 


Ordnance Research, U. S. Army. 
A. Zucker, E. 
New York, 1980); 


1G, Breit, Reactions between Complex Nuclei, edited by 
Halbert, and F. T. Howard (John Wiley & Sons, Inc., 
paper A-1. 

2G. Breit and M. E. Ebel, Phys. Rev. 103, 679 (1956); G. Breit, ‘Theory 
of resonance reactions and allied topics,”’ in Handbuch der Physik (Springer 
Verlag, Berlin, 1959), Vol. 41, esp. pp. 375-378. 


TB13. Effective Interaction in Direct Reactions. N. C. 
Francis, D. T. GoLDMAN, AND C. R. Lusitz, Knolls Atomi 
Power Laboratory.*—Although many nuclear reactions require 
direct interaction for their explanation, the theory is not de- 
veloped sufficiently to permit unique calculations. The dis- 
torted wave Born approximation has been used with surface, 
finite, and zero range interactions. For reactions in the nuclear 
surface, many body aspects of the problem are absent and 
approximate quantitative features of the effective interaction 
can be discussed. We assume: (1) Nucleons other than the 
colliding pair may be neglected during the collision. (2) A 
variational method with bound state trial functions can be 
used to estimate the dependence of the ¢ matrix on the energy 
and relative momenta, initial and final, of a pair of nucleons 
When the target nucleon has a binding energy of about 7 Mev 
and the incident nucleon has low energy (about 1 Mev), a 
zero range effective interaction may be used. We also include 
velocity dependent corrections to this 6-function interaction. 
When the incident energy is increased to 7 Mev, and the 
interacting pair are neutrons, the effective interaction is strong 
and nonlocal with a large effective radius of interaction. 


* Operated by the General Electric Company for the U. S. Atomic 
Energy Commission. 


WEDNESDAY EVENING AT 7:00 


Sheraton-Park Hotel 


(FREDERICK SEITZ presiding) 


Banquet of The American Physical Society 


After-dinner talk: Some Thoughts on Atomic-Energy Research. G. T. SEanorG, Chairman, 
U. S. Atomic Energy Commission. 
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THURSDAY MORNING AT 9:30 


Cotillion Room, 


South 


(P. Kuscu presiding) 


General Physics; Masers 


U1. Determination of Focusing Properties of Solar Collec- 
tors by an Integral Formula. Paut Mazur, Avco.—An ana- 
lytical procedure has been derived for determining the dis- 
tribution of energy at the focal plane of a mirror such as is 
used in a solar collector system. The method is a general one 
that permits any shape of emitting and reflecting surfaces, and 
is an analytical equivalent of the conventional ray-tracing 
procedure of geometrical optics. The advantage provided is 
that the calculation of intensity of collected radiation at a 
given point can be performed on a digital computer in less than 
a minute whereas one man-week is required for graphical ray- 
tracing. The solution takes the form of an exact double integral 
which gives directly the irradiance by reflection at any given 
point for an arbitrary Lambert surface emitting at least 
partially to an arbitrary reflecting surface. The double integral 
has been programmed on a digital computer to evaluate the 
performance of solar collectors. Reflected energy distributions 
will be presented for various distorted collectors. 


U2. Spherical Analogues of the Gaussian. ErNsTt BREITEN- 
BERGER, University of South Carolina.—The piane gaussian 
probability distribution arises as the unique solution in a 
variety of problems. When the analogous problems are formu- 
lated on the sphere, however, hteir solutions become quite 
different. Thus, a gaussian population is the only one in the 
plane for which the center of mass of a sample, and hence the 
center of least (polar) moment of inertia, yields a maximum 
likelihood estimate of location. On the sphere, in sharp con- 
trast, use of the center of mass leads to the distribution 
exp{x cos@}, use of the moment of inertia to exp{ —4« sin®@ 
X[1+2 sin?(¢—,)]}, where «, A, and yw are free parameters. 
Both these distributions reduce to plane gaussians when x is 
large and positive, but the second one appears as a closer 
analog because it contains the three parameters which one 
should expect rather than a single one; it may find its practical 
uses in research on rock magnetism where the simple 
exp {x cos@} is not always adequate. 


U3. Ripples and Waves on Deep Water. R. D. Epce, Uni- 
versity of South Carolina.—The profile, particle motion, ve- 
locity, and viscous decay of ripples and waves of short wave- 
length have been investigated using electrical and optical 
methods. Stokes’! calculated profile is followed to within 10% 
down to 8-cm wavelength, and Crapper’s? profile to within 
8% for very short wavelengths, although the ripples sometimes 
have flatter crests than predicted. Stokes’ estimate of maxi- 
mum slope remains good below 8-cm wavelength when modi- 
fied for surface tension. For ripples, the maximum inclination 
obtainable (<40° to the horizontal) is less than Crapper 
suggests, possibly because of the initial extermely rapid viscous 
decay. The particle motion is correctly predicted for the liquid 
body, and for a clean surface, but a grease film renders the 
surface inextensible for short ripples, and at about 6-cm wave- 
Jength a longitudinal elastic surface wave persists in this film 
supported by the motion of the water underneath. Wilton’s® 
theory was found to give a good estimate for waveforms in the 
anomalous region where surface tension and gravity forces 
are comparable; one new profile was also found. 


1G. G. Stokes, Mathematical and Phy ne Papers, Cambridge (1880). 
2G. D. Crapper, J. Fluid Mech. 2, 532 (1957). 
J. R. Wilton, Phil. Mag. (6), 29, 688 (1915). 


U4. Re-Evaluation of the Atomic Constants. J. A. BEARDEN, 
Joun S. THOMSEN, AND WILLIAM C. SauDER, Johns Hopkins 
University.—New experimental data and theoretical studies 
since 1955 indicate the need for a completely new least-squares 
readjustment of the best values for the atomic constants. In 
the x-ray field, several important new developments have 
occurred, e.g., Ulmer's study of the “h/e exepriments” and 
Cohen’s analysis of errors in certain \,/A, measurements. 
Among the experiments producing critical changes in the con- 
stants are the redetermination of the gyromagnetic ratio of the 
proton by Bender and Driscoll and the chemical measurement 
of the Faraday by Craig, Hoffman, Law, and Hamer. The 
precision of the present data now requires a more careful con- 
sideration of the acceleration of gravity and the determination 
of the absolute values of electrical standards. In these areas 
important new work has been completed. The effects of the 
various changes on a re-evaluation will be discussed. 


US. Nuclear Depolarization as an ENDOR Mechanism. 
E. C. McIrvine, Joun LaAMBE, NEAL LAURANCE, AND R. W. 
TERHUNE, Ford Motor Company.—A mechanism of electron- 
nuclear double resonance (ENDOR) is described wherein an 
EPR signal serves to detect the removal of a dynamic nuclear 
polarization.! Since the application of auxiliary rf power at 
some transition frequency A of the nuclear system removes 
this polarization, nuclear transition frequencies may be sensi- 
tively detected. The mechanism applies in the case of an EPR 
line inhomogeneously broadened by the presence of a magnetic 
nuclear species. The application of microwave power at a 
frequency w on one side of such a line not only saturates the 
allowed electron spin transitions in the spin packet at w, but 
also causes forbidden transitions flipping both electron and 
nuclear spins. The saturation of the electron spin packets at 
w—A and w+A is limited by the principle of detailed balance 
for the nuclear spin population, which sets up a steady state 
dynamic nuclear polarization. The application of rf at the 
nuclear transition frequency A removes this nuclear polariza- 
tion and changes the EPR signal. This mechanism is consistent 
with experimental results on “distant’’ Al?’ nuclei in ruby 
(nuclei having negligible hyperfine interaction with the chro- 
mium ion). 

1A, Abragam and W. G. Proctor, Compt. rend, 246, 2253 (1958). 


U6. ENDOR in Dilute Ruby. Jouwn Lampe, NEAL 
LAURANCE, AND E. C. McIrvine, Ford Motor Company.— 
ENDOR experiments have been carried out in dilute ruby 
(0.01% Cr) at 4.2°K. In this material ENDOR lines are ob- 
served which can be assigned to Al*’ nuclei near the Cr** sites. 
The mechanism whereby these nuclei are observed is probably 
the “‘packet shifting’” ENDOR described by Feher' as opposed 
to the depolarization ENDOR which also occurs in ruby. The 
speed of response of the ENDOR effects is used in distinguish- 
ing these different mechanisms. The “packet shifting’ 
ENDOR should have a response time corresponding to the 
electron 7), the depolarization effect corresponding to the 
nuclear 7;. The ENDOR measurements were made while 
transitions corresponding to S,+4— +} or —}— +4 were 
saturated. A given transition yields of the order of 100 
ENDOR lines. The spectrum is not yet completely analyzed 
but some features are clear. A major point is the large variation 
in nuclear quardrupole splitting of the Al?’ nuclei. Splittings 
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vary from 260 ke to 500 kc compared with the normal splitting 
of 360 kc. This presumably is a measure of the distortion in 
the crystalline electric field near the Cr**. 


1G. Feher, Phys. Rev. 103, 834 (1956). 


U7. Possible Use of F, Centers in LiF as a RASER. Mouan 
LAL NARCHAL AND WILLIAM A. BARKER, Saint Louis Uni- 
versity.—The paramagnetic resonance absorption spectrum of 
F; centers produced at liquid Nz temperatures by the x-radia- 
tion of LiF has been extensively studied by Woodruff and 
Kanzig.! A detailed theoretical analysis of the population dis- 
tribution of this system has been made by the method of 
partial distributions? in which we assume that one or another 
of the paramagnetic transitions is saturated by a microwave 
pump of f,=9.5 kMc/sec or 30 kMc/sec. In several cases we 
find population inversion among levels designated by different 
values of m; but the same value of m,. The material appears 
to be suitable for RASER action. As a result of the magnitude 
and anisotropy of the hyperfine structure, the proposed ampli- 
fier should have a signal frequency in the range between about 
100 and 1000 Mc/sec. 

! T. O. Woodruff and W. Kanzig, Phys. and Chem. of Solids 5, 268 (1958). 


2 J. D. Keating, L. Follis, and W. A. Barker, Bull. Am. Phys. Soc. Ser. II, 
6, 68 (1961). 


U8. Optics of Radiation from Optical Masers. Jenny E. 
ROSENTHAL, Bramley Consultants.—Many interesting prob- 
lems are connected with the in-phase radiation from optical 
masers, such as described by Maiman. The method previously 
suggested for transmitting information assumed that the cross 
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section of a coherent beam with a wavefront planar at emission 
could be magnified by an optical system with the following 
conditions being satisfied : The radiation stays coherent and the 
wavefront at the locus of the counter part of the original source 
is planar. The validity of this premise is discussed and in 
particular the conditions imposed on an optical system so that 
a coherent parallel beam of area A and divergence angle a can 
be transformed into a beam of area f2A, f>1, and divergence 
angle a/f. The problem is complicated by the high-energy 
density of the light beam since the photon density in the ruby 
is comparable to the impurity density in high-resistance silicon. 
With the available maser output power, the electrical intensity 
calculated from Poynting’s equation may exceed 2 kv/cm. 
This would severely perturb the energy band scheme of the 
medium used in the optical system and cast doubt on the 
applicability of the first order dispersion theory. 


U9. A Zero-Field X-Band Maser Spectrometer. N. McAvoy, 
M. R. KaGAn, AND VW. T. TowNsEND, Melpar, Inc.—An 
x-band paramagnetic resonance spectrometer using a maser as 
either an oscillator or detector has been constructed. A zero- 
field maser using Fe** doped Al,O;,! is employed. Theoretical 
and experimental evaluations will be given comparing the 
sensitivities of a conventional spectrometer with a maser-type 
spectrometer. This theoretical treatment will include a four- 
part circulator, with oscillator-detector combinations. The 
design problems introduced by using detectors and sources 
with less than the blackbody noise will also be discussed. 


1J. E. King and R. W. Terhune, J. Appl. Phys. 30, 1844 (1959). 
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Plasma, II 


VA1. Radio Emission by Plasma Oscillations in Non- 
uniform Plasmas. DEREK A. TIDMAN AND GEORGE H. WEIss, 
University of Maryland.—We consider a longitudinal electric 
plane wave unpinging on a small density fluctuation in a 
plasma, and calculate to first order in perturbation theory, the 
consequent radio emission. This procedure can be carried 
through either by using moment equations! which neglect 
third order moments or by starting directly from the Boltz- 
mann equation and making a far-field approximation. The 
results are qualitatively identical. It is shown that a spherically 
symmetric density fluctuation shows a dipole radiation pattern. 


1D. A. Tidman, Phys. Rev. 117, 366 (1960). 


VA2. Interaction between a Radiowave and a Plasma in the 
Presence of a Uniform Magnetic Field.* Toyox: KoGa, 
Engineering Center, University of Southern California.—On 
account of the imposed magnetic field, the effect of movements 
of ions is not to be neglected. Considering a plausible model of 
plasmas where molecules are partly ionized, Boltzmann-type 
equations for electrons and ions are proposed. By introducing 
“generalized moments’”’ of the distribution functions, it is easy! 
to solve the equations obtaining the conductivity of a plasma 
to an oscillating electric field. There are seven frequencies 
which characterize the phenomena: (i) Larmor’s frequencies of 
electrons and of ions, (ii) frequency of radiowave, (iii) plasma 
frequency and a similar frequency defined with respect tc 
ions, (iv) collision frequencies of electrons and of ions. As 
special cases, Alfvén’s hydromagnetic wave and Margenau’s 
conductivity are included in the theory. 

* Supported by the U. S. Air Force, the Office of Scientific Research and 
the Office of Naval Research. 


1 The method is similar to what was used in the papers presented by the 
werd at the ist and 2nd annual meetings of Division of Plasma Physics, 


VA3. Collisionless Electrostatic Shock.* CHARLES W. 
HARTMAN AND STIRLING A. COLGATE, Lawrence Radiation 
Laboratory, Livermore, AND PAUL J. KELLOGG, University of 
Minnesota.—The formation of a shock wave in cold, collision- 
less plasma with no magnetic field is machine computed for a 
one-dimensional sheet-charge model with mass ratio 10. The 
noninteracting initial condition is represented by two cold 
interpenetrating plasma streams. Purely electrostatic inter- 
action of the two stream instability type proceeds first through 
electron-electron interaction producing waves of dominant 
wavelength (v0/fp-)(vo=streaming velocity) which grow (in 
several electron plasma periods) to saturation potentials com- 
parable with the electron streaming energy. Subsequent ion- 
electron waves [A™(vo/f pi) _] grow in several ion plasma periods 
to potential comparable to the ion streaming energy. All fields 
appear to fluctuate at about fp., and the interaction after 4 ion 
wavelengths is strong enough to slow the original ion streams 
to $ their original velocity and randomized their velocity to a 
width equal to } the peak separation. The electron energy is 
random and equal to } the ion energy. 


* This work was done under the auspices of the U. S. Atomic Energy 
Commission. 


VA4. Plasma Cavitation. RicHarp L. Moore, Richard L. 
Moore Consultants—In previous work, a condition of dy- 
namic equilibrium for a cylindrical, fully ionized plasma 
confined by a surface magnetic pressure was found to give a 


gaussian density distribution centered at the origin if the 
magnetic pressure at the surface (mks units) HB/2> Mw*/2r, 
where M is the lineal mass density, w is the angular velocity. 
If this condition is violated, the condition of dynamic equi- 
librium gives an annular density distribution described as 


p(tm) {7/tm}o2/®? exp { — (1? —1m?) /207} + rm 


is the radius of maximum density, 


co is —(mp/M)C{H (ro) }?+ (H(ra) 7, 


and o? is 
MRT[ri-? — ro? [rp { A210) 75 *@ + A(1,) 107} 


— Mot{r52 = 19-2} >, 


where 7; is the radius of the hole on the axis and ro is the radius 
of the outside surface of the plasma. Qualitative comparison 
will be made with recent plasma experiments! in which the 
plasma has been observed to develop a noncentral mass 
distribution. 


1V. Josephson, M. Dazey, and R. Wuerker, Phys. Rev. Letters 5, 416 
(1960); A. Kolb and N. Rostoker, Bull. Am. Phys. Soc. 6, 203 (1961). 


VAS. Air Core Plasma Betatron Coil Design. A. G. RuBIN 
AND R. P. MeEtsteR, Williamson Development Corp., Inc., 
AND M. A. Levine, Air Force Cambridge Research Laboratories. 
—The air core plasma betatron imposes the following condi- 
tions on the magnetic field coils: extremely low inductance 
precise field shaping, small dimensions, and for high-magnetic 
fields, considerable strength. Several novel designs have 
evolved to meet these requirements. The energy source for 
the plasma betatron is a capacitor bank. This type of single 
shot operation requires that the betatron magnetic field be 
frequency-independent over a considerable frequency range; 
in the case considered from about 30 Mc to 0.3 Mc. Methods 
of minimizing variations in current distribution in a skin 
effect dominated coil are considered. The additional problem 
of distributed capacity and its frequency-sensitive effect on 
the coil currents is treated. Field shapes and the necessary 
coils were designed using an analog plotting tank and the 
extension of these techniques to other novel field shapes with 
one turn coils will be discussed. 


VA6. Electric Field Measurements in a Rotating Plasma.* 
D. A. BAKER AND J. E. HAMMEL, Los Alamos Scientific Labo- 
ratory.—Electrostatic probe measurements were made of the 
voltage distribution as a function of radius on the midplane of 
Ixion, the Los Alamos rotating plasma device. During the 
time after the initial current pulse has been drawn and plasma 
rotation established, the electrostatic probe shows that the 
electric field near the wall (anode) is small. The niajor portion 
of the voltage appears inside the active plasma volume, im- 
plying electric fields > 800 v/cm and drift velocities > 8.6 X 10° 
cm/sec, corresponding to deuteron drift energies of at least 
75 ev under normal operating conditions. During the ‘‘waiting 
period’ between application of the voltage to the weakly 
ionized gas and the onset of the initial pulse of charging cur- 
rent, it was found that no quiescent electron sheath exists at 
the anode. There are indications of an unstable sheath which 
rapidly forms and disintegrates during the waiting period. 


*Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
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VA7. Energy Losses and Ultraviolet Radiation in Ixion.* 
J. E. HAMMEL AND D. A. BAKER, Los Alamos Scientific Labo- 
ratory.—It has been observed in rotating plasma experiments, 
that the rotational velocity of the plasma will not exceed a 
certain critical limit.! The hypothesis has been advanced that 
the plasma is only partially ionized and that its rotation is 
impeded through ion-neutral and electron-neutral interactions. 
This paper reports experiments with Ixion (the Los Alamos 
rotating plasma experiment) which show that a large portion 
of the plasma is fully ionized and, therefore, that losses through 
collisions with neutrals in this portion of the plasma are un- 
important. The interaction by which the angular momentum 
of the rotating ions is lost probably occurs near the outer 
boundary of the plasma. Studies of the radiation from the 
discharge were made with a vacuum uv monochromator, an 
infrared bolometer, a uv pinhole camera and a photo-cell. 
The results of these experiments indicate a large energy loss 
in hard ultraviolet radiation from contaminants in the deu- 
terium plasma. Over the duration of plasma rotation this loss 
accounts, within a factor of approximately two, for all of the 
plasma energy. 

*Work performed under the auspices of the U. 
Commission. 


1 See for example, D. A. Baker and J. E. Hammel, Bull. Am, Phys. Soc. 
5, 341 (1960). 
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VA8. Connected Plasma Containing Regions—Tuck’s Cusp 
Bridge.* D. W. Kerst anp T. Onkawa,f General Atomic 
Division.—Regions of differing field strength along a magnetic 
tube of flux have isotropic velocity distributions and the same 
particle density and perpendicular pressure if the low-field 
region distribution is isotropic. The inverse is not true. This 
is demonstrated by solution of the Vlasov equation yielding 
f(v,4), » being the invariant magnetic moment. Applied to 
Tuck’s' “bridges” connecting two cusps to eliminate leaks, 
this shows that since density and pressure are the same in the 
bridge as in the plasma within the cusps, than 81 is possible 
in the bridge composed of the extension of the cusp sheath. 
Greatly simplified structure is possible with straight multipole 
producing wires having close-spaced jackets which give me- 
chanical stability, stability against inflation, and high field 
in the bridge. Flute instability is avoided because the close- 
spacing determines 5 fd;/B. Mirror coil point cusps or twists 
can terminate long multipole cusps. Shear by twists or wind- 
ings can be used to improve stability. 

*This work supported by General Atomic and Texas Atomic Energy 
Research Foundation. 


t a leave from the University of Tokyo. 
iJ. L. Tuck, Nature 187, 863 (1960). 


VA9. Behavior of Plasma in Rotating Mirror and Cusp 
Magnetic Geometries.* JoHN R. BANISTER AND RICHARD D. 
Jones, Sandia Laboratory. 
behavior of plasmas in rotating mirror and cusp magnetic 
geometries has been conducted using argon, helium, and 
hydrogen. This was accomplished by placing three orthogonal 
pairs of coils about a sphere containing the low pressure gas. 
These coils could be arranged to generate either magnetic 
mirrors or magnetic cusps. The pairs of coils were attached to 
three individual capacitors equipped with spark gap switches, 
which could be fired at different times through a delay system 
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to achieve various phase relations of the ringing discharges 
The observational technique was exclusively optical, using a 
Beckman-Whitley framing camera. By using the rotating 
mirror geometry, it was found that the argon was apparently 
initially assembled at the sphere center, but then swelled back 
against the diminishing magnetic fields. No such assemblage 
was observed with hydrogen and helium, presumably because 
of the higher speed of sound in these gases. It was also noticed 
that the assemblage was less complete with argon when a 
cusp geometry was used. 


* This work was performed under the auspices of the U. S. Atomic Energy 


Commission. 


VA10. Effect of Metallic Walls on Confinement of Plasma 
in a Mirror Machine.* W. A. P&eRKINS AND R. F. Post, 
Lawrence Radiation Laboratory, Livermore.—A hydrogen 
plasma is injected, captured, and heated in a mirror machine 
by adiabatic magnetic compression, producing a plasma with 
high (25 kev) electron temperature. Escaping plasma electrons 
are monitored by scintillators protruding radially and axially 
into the vacuum chamber. A velocity-space plasma instability! 
occurs under certain conditions of density and compression 
ratio when there is no metallic coating on the inner walls of 
the glass vacuum chamber. Under identical conditions with 
the metallic coating, the end energy flux increased by a factor 
of two while the radial energy flux decreased by a factor of 
20 with a marked change in its variation with time, indicating 
a decrease in the velocity-space instability. Further investiga- 
tion showed that a higher initial density near the axis was 
achieved with the metallic coating present. The higher initial 
density meant that collisions could smooth out the anisotropic 
velocity distribution and thereby inhibit the instability. Indeed 
when the amount of injected plasma was decreased, the radial 
probe signal increased in magnitude and returned to a time 
behavior characteristic of no metallic coating. A few explana- 
tions will be discussed. 


*Work performed under the auspices of the U. S. Atomic Energy 


Commission. 
1R. F, Post and W. A. Perkins, Phys. Rev. 


Letters 6, 85 (1961) 

VAI1. Cyclotron Instabilities in a Bounded Plasma. P. B. 
Burt* ano E. G. Harris, The University of Tennessee.—The 
longitudinal oscillations of an infinite plasma in a uniform 
magnetic field have been investigated previously by Harris! 
for very anisotropic velocity distributions. Unstable modes 
were found to occur if wp.*>w,,?, where wpe is the electron 
plasma frequency and w,, is the electron cyclotron frequency. 
A similar investigation has been carried out for a finite, 
cylindrical shell of plasma in a uniform magnetic field, with 
ions moving initially in Larmor orbits and stationary electrons 
The dispersion relation obtained for the longitudinal oscilla- 
tions is solved for w, the frequency of the perturbation, in the 
limit of short wavelength disturbances along the axis of the 
shell. Approximate conditions for instability are obtained 
which are similar to the result found by Harris. In addition, 
it is found that the real parts of the unstable frequencies 
occur at multiples of the ion cyclotron frequency. 


* National Science Foundation Predoctoral Fellow. 
1E. G. Harris, Phys. Rev. Letters 2, 34 (1959). 


TuHursDAY MorRNING AT 9:30 


Continental Room 


(ALLEN SACHs presiding) 


Muons and Pions 


W1. Quenching of the Depolarization of Muons in Semi- 
conductors by Application of Longitudinal Magnetic Fields.* 
R. Prepost AND A. M. Sacus, Columbia University, AND 


G. Fener, University of California, LaJolla.—Experiments on 
the depolarization of positive muons in silicon and germanium! 
have been extended. Measurements have been made of the 
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asymmetry of the decay positrons from polarized muons 
stopping in samples with various impurity concentrations, be- 
tween room and liquid nitrogen temperatures, in longitudinal 
magnetic fields. For the sample of phosphorous-doped n-type 
silicon with 4 X 10" free electrons/cm’, a field of approximately 
1000 gauss quenched half the muon depolarization at room 
temperature. At liquid nitrogen temperature, half the de- 
polarization in the same sample is quenched by a field of less 
than 100 gauss, consistent with the idea of a substantially 
reduced number of formations of muonium shallow donors. 
The sample of silicon with 2X10!* free electrons/cm*, which 
also depolarizes muons, does not show this reduction in longi- 
tudinal field necessary to quench the depolarization at liquid 
nitrogen temperatures. 

* Supported by joint contract of the U. S. Atomic Energy Commission 


and the Office of Naval Research. 
1G. Feher, R. Prepost, and A. M. Sachs, Phys. Rev. Letters 5, 515 (1960). 


W2. Measurement of Muon Absorption Rate uw~+C'” 
— B¥+y.* E. J. Mater, B. Biocu, R. EDELSTEIN, AND 
R. T. SIEGEL, Carnegie Institute of Technology.—The reaction 
rate above has been measured by counter techniques with 
cyclotron produced muons. A beam of 45 Mev muons was 
stopped in a 4X4 X2-in. thick plastic scintillant (CH;.10). The 
number of muons decaying in this counter was monitored by 
the uw-e decays, and the number captured to bound states of 
B'2 was measured by detecting the 20-msec 6 decay of B". 
Correction was made for failure to detect electrons due to the 
finite energy threshold of the counter. Numerical results will 
be presented. 


* This research was supported in part by the U. S. Atomic Energy 


Commission. 


W3. Measurement of the High-Energy End of the u-Meson 
Spectrum Ku; Decay.* E. Lon, A. Boyarskt, L. Q. NIEMELA, 
AND D. Ritson, M.J.T., S. Ozaxi, Brookhaven National Labo- 
ratory, AND R. WEINSTEIN, Northwestern University.—The 
ranges of particles resulting from K* decay have been measured 
by means of a system of hodoscopes. One hundred thousand 
K* decays were examined yielding 106 yw-e tracks with the 
muon having an energy between 134 and 115 Mev. Fifty-one 
out of the 106 tracks have one o~ two associated y rays. The 
measured relative abundance of Ky; in the energy region 
mentioned above is 0.68+0.07%. The relative abundance of 
Ku; obtained by this experiment together with that obtained 
by Talor et al.! will be compared with the calculations of 
Gatto? and Bernstein.* 

* This work is supported in part by the U. S. Atomic Energy Commission, 
the Office of Naval Research, and the U. S. Air Force Office of Scientific 
Research. 

1S. Taylor, G. Harris, J. Orear, J. Lee, and P. Baumel, Phys. Rev. 114, 
359 (1959). 


2 R. Gatto, Phys. Rev. 111, 1426 (1958). 
3 J. Bernstein and S. Weinberg, Phys. Rev. Letters 5, 481 (1960). 


W4. Momentum Dependence of the Asymmetry in Muon 
Decay.* KENNETH M. CROWE AND HANns KRUGER, Lawrence 
Radiation Laboratory, Berkeley.—Positive muons from the 
Berkeley 184-in. synchrocyclotron were stopped in various 
material and the momentum dependence of the asymmetry of 
positrons from their decay measured with a magnetic spec- 
trometer. The parameters of the polarized muon spectrum, 
determined by least-squares fitting the theoretical form of the 
asymmetry to its measured values, are p=0.774+0.042, 
6=0.782+40.031, and |£| >R|£| =0.848+0.036 for an un- 
restricted local u-decay interaction with »<1. Here R is the 
effective muon-beam polarization. These values of the param- 
eters include radiative corrections and corrections for brems- 
strahlung and all instrumental effects. When the local u-decay 
interaction is restricted to gr = —gr’, these values of p and 6 
imply |&| =0.989+-0.014. Thus the average muon-beam polar- 
ization during this experiment was R=0.857+0.024. 


* This work was done under the auspices of the U. S, Atomic Energy 
Commission, 
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WS. Scattering Cross Sections of Mu Mesons by the 
Extended Nucleus of Bromine.* G. H. Rawitscuer, Yale 
University.—Recent measurements! of the scattering of u* 
mesons in nuclear emulsions were compared! with calculations 
based on the assumption that ~* mesons are heavy positrons, 
and good agreement was found. Differential u*+ and uw scatter- 
ing cross sections, calculated for the comparison mentioned 
above, will be presented. The ratio v/c lies between 0.2 and 0.7. 
The dependence of the cross section ¢ on the atomic number Z 
and transfer momentum g will be compared for w* and po 
mesons. The plot of ¢ vs q is fairly insensitive to v/c for unt 
and not for uw~. For the latter the plot of o/e¢poing vs ¢ is useful 
in the comparison of different Z at the same v/c, enabling one 
to extrapolate to Z=47 (silver) from vi:Jues for Z=80 and 
48 available in the literature. 

* This research was supported by the U. S. Air Force, monitored by the 
Air Force Office of Scientific Research of the Air Research and Development 
Command, 

1P. Connolly, J. G. McEwen, and J. Orear, Proceedings of the Tenth 


Annual International Rochester Conference on High Energy Physics, 1960 
(Interscience Publishers, Inc., New York, 1960), p. 796. 


Wo. Atomic Processes Involving Antimuonium; Possible 
Method of Detecting Antimuonium.* VERNON W. HUGHEs, 
Yale University.—Recently there has been considerable specu- 
lation about an interaction coupling muonium M and anti- 
muonium M.! Muonium can be produced by stopping positive 
muons in argon gas,? and, if an interaction coupling M to 


M exists, a certain fraction of the decays will occur from the M 
component of the wavefunction. The presence of the argon Ar 
atoms inhibits the development of the M component of the 
wavefunction due to the different electrostatic interactions of 
M and M in elastic collisions with Ar. The w~ from M can be 
captured by an Ar atom or the e* can annihilate with an elec- 
tron in an Ar atom, and the rates of these processes in the 
high-pressure Ar gas are much greater than the muon decay 
rate. The characteristic feature of M disappearance wihch is 
probably most easy to detect experimentally is the 2p — 1s 
argon mu mesonic x ray. 

* This research has been supported in part by the Air Force Office of 
Scientific Research. 

1B. Pontecorvo, J. Exptl. Theoret. Phys. 33, 549 (1957); preprints and 
private communications from S. Glashow, G. Feinberg, and S. Weinberg; 
Proceedings of 1960 Rochester Conference. 


2V. M. Hughes, D. McColm, R. Prepost, and K. Ziock, Phys. Rev. 
Letters 5, 63 (1960). 


W7. Single Pion Production in x~-Proton Collisions at 0.90 
and 1.1 Bev.* D. K. Ropinson, B. Munir,f E. Picxup,} AND 
E. O. SaLant, Brookhaven National Laboratory.—About 1600 
two-prong events produced by 1.1 Bev x~ mesons in the 
Berkeley 10-in. hydrogen bubble chamber, and a similar 
number produced by 0.9 Bev negative pions in the Brookhaven 
20-in. liquid hydrogen chamber have been measured. All posi- 
tive secondaries have been identified visua!ly from the ioniza- 
tion density of the tracks, and the events have been kine- 
matically analyzed and calssified as elastic, single pion 
production, and multiple pion production. The single pion 
production events are of two types, neutron reactions 
(x-+p—a-+2++n) and proton reactions (*~+p— x 
+7°-+n). At 0.9 Bev the center-of-mass angular distribution 
of the protons is strongly peaked backward, while the neutrons 
have an almost symmetric distribution. However, at 1.1 Bev, 
the nucleons from both proton and neutron reactions exhibit 
strong backward peaking. The momentum distribution of the 
protons and neutrons at both energies have low energy groups 
in disagreement with the predictions of the statistical and the 
standard isobar theories of pion production. The significance 
of these results with reference to nucleon isobar and pion-pion 


interactions will be discussed. 

*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 

t On leave of absence from the Florida State University, Tallahassee, 
Florida. 

~On leave of absence from the National Research Council, Ottawa, 
Ontario, Canada. 
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W8. Elastic Scattering and Single Pion Production in 2 
Bev P-P Interactions. W. FICKINGER, Yale University, AND 
E. Pickup, D. K. RoBiInson, AND E. O. SALANT, Brookhaven 
National Laboratory.—The 20-in. hydrogen bubble chamber 
of the BNL Bubble Chamber Group was exposed to a well- 
collimated beam of 2 Bev protons. A total of 4000 two-prong 
events has been measured. Analyses of one fourth of these data 
yield the following partial cross sections: elastic 18.7+1.3 mb, 
single r* 15.1+0.9 mb, single 7° 3.7+0.4 mb, multiple meson 
7.7+0.6, and z*D 0.09+0.07 mb. With the inclusion of the 
four-prong (pp—) events, cross section 3.2+0.2 mb, the total 
cross section is 48.5+1.7 mb. A sample of 600 elastic scatter- 
ings has been examined for possible polarization effects due to 
an initial 4° scattering of the beam by a carbon target in the 
cosmotron. The resulting quotient (R—L)/(R+L) is 0.01 
+0.06. The single +* production events show a strong peak 
at 150 Mev (half-width 40 Mev) in the +P Q values, clear 
evidence of the r*+P3, } resonance. Final analyses of all events 
will be presented, including angular distributions of isobar 
productions and decays. 


W9. Multiple Pion Production in P-P Collisions at 2 Bev.* 
E. Pickup,f D. K. Rosinson, AnD E. O. SALANtT, Brookhaven 
National Laboratory.—In an exposure of the Brookhaven 20-in. 
liquid hydrogen bubble chamber in a 2 Bev proton beam at 
the cosmotron, about 57 000 interactions were photographed. 
7.2% of the interactions gave four charged secondary particles, 
representing mostly double and triple pion production events 
of the types (a) xta-PP, (b) axtax-x*PN, (c) xtx-2PP, 
(d) x+x~-xtD, and also some PPr® events with Dalitz electron 
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pairs. 980 of these four-prong events have been measured, 
using a digitized microscope system. From the kinematic 
analysis completed to date (about 300 events), the relative 
frequency of the reactions mentioned is (a)/(b)/(c)/(d) 
= 227/31/16/3, these numbers being actual numbers of events 
classified. Additional results of the kinematic analysis, with 
differential cross sections, will be given, and the detailed 
behavior of these reactions will be discussed. 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 5 
t On leave of absence from the National Research Council, Ottawa, 
Ontario, Canada. 


W10. Deuterons in P-P Collisions at 2.0 Bev.* B. Secui 
ZoRN, Brookhaven National Laboratory (introduced by E. O. 
Salant).—The formation of deuterons in p-p collisions at 2 
Bev is being studied in the BNL 20-in. hydrogen bubble 
chamber. The deuterons were identified by bubble-density vs 
momentum measurements. The reactious studied were (1) 
pb+p —> D+nx*, and (3) p+p— D+nrz, where n>1 and the 
pions are charged or neutral. A preliminary value for the total 
cross section for the reactions with deuterons produced is 
0.20+0.05 mb. This value is in good agreement with the 
calculation of Hagedorn for p—> collisions at 2.3 Bev.! At 
present the ratio of cross sections for reaction (1) to that for 
reaction (2) is ~0.1. This ratio, however, does not seem to 
agree with the calculation of Hagedorn. 


*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


1 R. Hagedorn, Phys. Rev. Letters 5, 278 (1960). 


THURSDAY MORNING AT 9:30 


Burgundy Room 


(E. E. LOEBNER presiding) 


Semiconductors, I 


WAI. Equilibrium Concentration of Impurities in a Semi- 
conductor Adjacent to a Gas Phase from Thermodynamic 
Data. Kurt Lenovec, Sprague Electric Company.—The 
equilibrium concentration of impurities can be calculated 
using vapor pressure data and the phase diagram of the binary 
system semiconductor-impurity metal. The calculation is 
based on a thermodynamic cycle involving the impurities (a) 
in the semiconductor, (b) in the gas phase outside the semi- 
conductor, (c) in the gas phase above the liquidus of the im- 
purity metal-semiconductor binary system, (d) in the liquidus, 
and (e) in the semiconductor in equilibrium with the liquidus. 
Since the vapor pressure of impurities adjacent to the semi- 
conductor at the diffusion temperature is usually smaller than 
that pertaining to the liquidus, it is necessary to dilute the 
liquidus in a metal experiment to obtain the appropriate vapor 
pressure. However, this dilution must be done without affect- 
ing the binary system metal-semiconductor, e.g., by consider- 
ing a liquidus containing two impurity isotopes, one of which 
has a partial vapor pressure equal to the impurity vapor 
pressure adjacent to the semiconductor. Vapor pressure data 
pertaining to the liquidus line do not seem available to test 
our results. Experimental work to obtain pertinent data is in 
progress. 


WA2. Faraday Ellipticity in Semiconductors as a Function 
of the Energy Dependent Relaxation Time.* J]. K. FurpyNA 
AND M. E. Bropwin, Northwestern University.—The theory 
of Faraday ellipticity in semiconductors, developed previously 


under the assumption of constant relaxation time r', is pres- 
ently extended to include the dependence of 7 on energy. For 
w*r?<1, w?B*<i, and small losses, the ellipticity becomes 


_(# le) pores ME) 
B= (")onBoir( 4a)” 
where the angular brackets denote Maxwellian averages, yo is 
the permeability of free space, ¢ the static dielectric constant, 
t sample thickness, ¢ dc conductivity, » Hall mobility, B 
magnetic field, w frequency of the electromagnetic wave, and 
w,* equals o/({r)e. The value of ellipticity and the condition 
for change of sign thus depend strongly on the type of scatter- 
ing. Effects of the energy-dependence of + on the Faraday 
ellipticity will also be discussed for other ranges of uB, wr, and 
the dielectric loss. Comparison with the available experimental] 
values! shows that the agreement between theory and experi- 
ment is significantly improved when the energy-dependence 
ot r is taken into account. 

* Supported by the Advanced Research Projects Agency of the U. S. 


Department of Defense. 
1J. K. Furdyna and S. Broersma, Phys. Rev. 120, 1995 (1960). 


WA3. Hall Mobility of the Small Polaron. L. FRIEDMAN 
AND T. Hotstein, University of Pittsburgh.—In insulators of 
sufficiently narrow conduction-bandwidth, an excess electron 
tends to get trapped at atomic sites by self-induced lattice 
distortion. Thermal vibrations give rise to jumps between two 
such sites by causing momentary coincidences of electronic 
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energies, thereby allowing the electronic-overlap jump mecha- 
nism to become operative. A modification of the elementary 
jump probability by an applied magnetic field occurs for those 
events in which the energies of three sites are simultaneously 
coincident. The effect arises from the interference between the 
amplitude for the first-order jump between two sites and that 
for a second-order jump involving intermediate occupancy of 
the third site. For H=0, the two amplitudes are 90° out of 
phase and do not interfere; for H=0, the phase difference is 
altered by an amount proportional to the magnetic flux en- 
closed by the triangle defined by the site centroids. The result- 
ing Hall mobility is found to be greater than or comparable 
to the normal value, according to whether or not the three 
sites are mutually nearest neighbors. 


WA4. Resistivity of Diamond at Room Temperature. 
J. A. ELMGREN Anp D. E. Hupson,* Iowa State University.— 
The resistivity of diamond (Type I or Type Ila) is usually 
quoted as 10'*-10'® ohm cm, but very little reliable experi- 
mental work is reported to support the values. Measurements 
of the rate of decay of persistent polarization of diamond in 
the dark have been made by a counting experiment. The 
method is one which measures primarily the bulk resistivity 
rather than surface effects. The results lead to the conclusion 
that the diamonds under investigation have bulk resistivities 
of the order of 10'* ohm cm or higher, at 25°C. Resistivities of 
this order are in more reasonable agreement with theoretical 
calculations based on the activation energies of imperfection 
systems observed by optical absorption techniques. 


* Contribution No. 996. Work was performed in the Ames Laboratory 
of the U. S. Atomic Energy Commission. 


WAS. Semiconducting Stress Transducers Utilizing the 
Transverse and Shear Piezoresistance Effects. W. G. PFANN 
AND R. N. Tourston, Bell Telephone Laboratories.—Principles 
of a varied group of new semiconducting, piezoresistive stress 
and strain transducers are outlined. These devices have in 
common the utilization of the transverse or shear piezoresistive 
effect. One group of devices consists of gauges in the form of a 
thin rectangular sheet which is bonded to the best piece, and 
whose resistance change can be expressed as a simple function 
of the principal stresses in the test piece. Two special gauges 
in this group are described. In one, the resistance change is 
proportional to the sum of the principal biaxial stresses for 
any orieniation of the gauge on the test piece. In the other, 
the resistance change is proportional only to longitudinal 
stress components, being independent of transverse stress 
components. Also described are: a four-terminal gauge for 
complete determination of biaxial stresses, full-bridge gauges 
made from a single crystal, load cells of low compliance, new 
torque transducers, and diffusion techniques for making some 
of the foregoing. The devices are illustrated in terms of ger- 
manium and silicon, but extension to other semiconductors is 
straightforward. 


WA6. Dependence of Impact Ionization Breakdown Field 
on Impurity Concentration. A. L. McWuorter, Lincoln Labo- 
ratory.*—In impact ionization of impurities in Ge, the break- 
down field is found experimentally! to increase linearly with 
the (majority) impurity concentration for densities above 
about 10'5/cm, whereas existing theory? predicts only a square- 
root dependence. This discrepancy can apparently be resolved 
by taking into account the inelastic scattering due to electronic 
excitation of neutral impurities in addition to the usual neutral 
impurity elastic scattering. Since lattice losses are a negligible 
drag on the electrons at the high fields encountered, the situa- 
tion is quite analogous to htat in hydrogen gas, where the 
controlling factor in the ionization rate normally is the number 
of excitations per ionization, both theory and experiment giving 
for this ratio the form A exp(Bp/E), where p is the pressure.* 
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Assuming the simple hydrogenic model for donors, and scaling 
the experimental data for hydrogen accordingly, both the 
correct magnitude for the breakdown field and the linear de- 
pendence on concentration (‘‘pressure’’) are obtained. 
* Operated with support from the U. S. Army, Navy, and Air Force. 
1N. Sclar and E. Burstein, J. Phys. Chem. Solids 2,1 (1957), and E. I. 
eo Zavaritskaya, Soviet Phys.—-JETP 9, 953 (1959). 


A. Chuenkov, Soviet Phys.—Solid State 2, 734 (1960). 
oW. P. Allis and S. C. Brown, Phys. Rev. 87, 419 (1953). 


WA7. Effect of Hydrogen on the Displacement Process in 
Ge.* J. A. NABER AND H. M. James, Purdue University.—The 
threshold for production of displaced atoms by electron 
bombardment of Ge has been placed at 360 kev. However, it is 
found that less energetic electrons do produce very similar 
effects. It occurred to us that these ‘below threshold”’ effects 
might be due to displacement of Ge atoms resulting from a 
two-step process in which the electron initially strikes a hydro- 
gen atom which then collides with a lattice atom. The maxi- 
mum energy transferred to the Ge atom in the two-step 
process is four time that for a direct electron-Ge collision; 
thus the threshold for producing a displacement by the two- 
step process should be about 100 kev. An order of magnitude 
calculation indicates that in the presence of 10'* hydrogen 
atoms/cm there will be about 10~* displaced Ge atoms/cr/ 
incident electron at 300 kev. Comparison of irradiations of 
crystals grown in a hydrogen atmosphere with crystals grown 
in a vacuum shows that hydrogen-grown crystals have con- 
ductivity changes consistent with the above calculations, while 
vacuum-grown crystals are essentially unaffected by ‘‘below 
threshold”’ irradiation. The results suggest that the two-setp 
hypothesis is a likely explanation of the low-energy irradiation 
effects in Ge. 


t Work supported by U. S. Atomic Energy Commission contract. 


WAS8. Low Temperature Annealing of Electron-Bombarded 
Ge.* E. E. Ktontz anp J. W. MacKay, Purdue University.— 
We previously! have reported the existence of two low tem- 
perature ranges for annealing of n-type germanium which has 
been irradiated, at liquid helium temperatures, with 1.1 Mev 
electrons. We associated the lower temperature range (about 
35°K) with recombination of closest stable vacancy-interstitial 
pairs, and the higher temperature (about 64°K) with next- 
clesest pairs. Further study reveals that the reiative amount 
of annealing in each of these temperature ranges depends on 
the total flux which the sample receives. For fluxes less than 
10'¢ electrons/cm?, no appreciable annealing occurs in the 35°K 
stage. For more than 10" electrons/cm?, about half of the 
recovery is in each stage. These results indicate that the 35°K 
stage is probably not associated with primary defects. For 
sufficiently small irradiation, so that the 35°K stage is not 
observed, it is found that the percent recovery in the 64°K 
stage varies with the bombardment energy, from about 10% 
for 600 Kev electrons to about 50% for 1.0 Mev and above. 
This is consistent with results showing the existence of radia- 
tion annealing which is relatively more important at lower 
energies. 


t Supporte ed by the U. S. Atomic Energy Commission. 
1 J. W. Mackay and E. E. Klontz, J. Appl. Phys. 30, 1269 (1959). 


WA9. The Optical Absorption Edge of Very Impure Ger- 
manium. J. 1. PANKOvE, RCA Laboratories.—Early theoretical 
treatments of the influence of donor impurities on the band 
structure of semiconductors have predicted a shift of the 
conduction band to a lower energy. This effect, which should 
occur in addition to the formation of a tail of density of states, 
has recently been calculated. The position of the conduction 
band edge can be measured directly by means of optical ab- 
sorption. However, in a degenerate semiconductor, states near 
the band edge are occupied, thus forbidding the corresponding 
transitions and displacing the absorption threshold to a higher 
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energy. The absorption of arsenic-doped germanium (in the 
range 5X10'8 to 6.2 X10" cm~%) was measured at room tem- 
perature with an accuracy of about 1 cm and a resolution of 
0.0015 ev. The free carrier absorption, extrapolated to the 
range of across-the-gap transitions, was subtracted from the 
measured absorption coefficient. An approximate solution of 


the energy dependence of the absorption coefficient for the _ 


case of a degenerate parabolic band allows a Macfarlane- 
Roberts type of interpretation. The most striking effect is a 
shift of the whole conduction band by several hundredths of an 
ev closer to the edge of the valence band. The filling of the 
band by the Fermi sea is also evident. 


WAIO. Infrared Radiation-Induced Magnetoelectric Effect 
in Semiconductors. LorHAR WANDINGER, U. S. Army Signal 
Research and Development Laboratory.—A magnetoelectric 
effect in germanium due to absorption of infrared radiation 
has been investigated in the temperature range of 300°K to 
500°K. Samples of different conductivity type and different 
impurity content have been irradiated with infrared radiation 
above 2u and a magnetoelectric effect of up to 30 uv at 1000 
gauss has been measured. The incident radiation, the observed 
voltage between the ends of the semiconductor, and the direc- 
tion of the magnetic field are perpendicular to each other. The 
experimental apparatus and problems for measuring the effect 
are discussed. Data on the variation of this effect with carrier 
type and density as a function of sample temperature are 
reported. Special arrangements (surface condition of sample, 
radiation source, etc.) assure that photoconductive, photo- 
electromagnetic, and Dember effects are negligible in com- 
parison to the new magnetoelectric effect which apparently is 
caused by lattice absorption of the photons. The relation be- 
tween this effect and the Nernst effect! outside the phonon- 
drag region and other magnetoelectric effects is indicated. 


'H. Mette, W. W. Gaertner, and C. Loscoe, Phys. Rev. 115, 537 (1959). 


WALI. Effective Mass Shifts in Cyclotron Resonances in 
Uniaxially Stressed Silicon. J. C. HENsEL, Bell Telephone 
Laboratories.—Subsequent to observations! of cyclotron reso- 
nances in the valance bands of silicon split by uniaxial stress, 
further investigation shows shifts in effective mass with 
changes in stress. The experiments were done at ~9000 Mc/sec 
and at 1.26°K on 5000 ohm-cm p-type samples subjected to 
uniaxial stresses up to 2200 kg/cm*. Using white tungsten 
light to generate carriers, the stress-induced shifts were meas- 
ured to be Am,/AT=+0.94X10-* cm?/kg and Am ,/AT 
= —3.4X10~* cm*/kg for stress T along the [001] axis, and 
Am,/AT = +22.9X10-* cm?/kg and Am,/AT = —8.25 X10-* 
cm*/kg for stress along the [111] axis. Extrapolation to 
zero stress gives the effective masses m,=0.2612+0.0002, 
my =0.2010+0.0005, and m,=0.3780+0.0005, my; =0.1412 
+0.0005 for the [001] and [111] cases, respectively. The 
revised values for the valance-band inverse mass parameters 
are, accordingly, (in units of f?/2m) A =—4.21+0.01 and 
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|B| =0.86+0.02 from the [001] case, and A = —4.13+0.01 
and | N| =8.87+0.04 from the [111] case. Additional small 
line shifts are found to arise from the spectral distribution of 
the illumination. Measurements with monochromatic light 
show a decrease in the cyclotron mass for radiation near the 
band gap. This effect may be responsible for the remaining 
difference between the above quoted values for A 


1J. C. Hensel and G. Feher, Phys. Rev. Letters 5, 534 (1960 

WAIZ2. Electron Spin Relaxation in Phosphorus-Doped 
Silicon. T. Cast NER, General Electric Research Laboratory. 
Spin-lattice relaxation of phosphorus donor electrons in a 
silicon sample containing 9X 10'*/cm* phosphorous impurities 
has been investigated between 4.2°K and 20.4°K at 9.3 kMc. 
The steady-state saturation method was used between 20.4°K 
and 10°K, and fast passage techniques were used between 
10°K and 4.2°K to measure 7, (AM/,=-+, 4M;=0 process) 
The 7-7 temperature dependence of 7, found by Feher' is 
shown to continue up to 6.5°K. Between 6.5°K and 8.3°K the 
temperature dependence can best be fit by 7,7" =constant, 
with 12<<14. Analysis of the saturation curves taken be- 
tween 10°K and 20.4°K on the basis of the Portis theory? for 
inhomogeneously broadened lines assuming 7; =T7> yields an 
exponential dependence of 7, on temperature. The dependence 
of T, on the direction of the static magnetic field with respect 
to the crystallographic axes will also be considered. The re- 
sults will be interpreted in terms of various Raman-type 
relaxation processes based on relaxation taking place via the 
intervalley states of the phosphorus donor electrons. 


1G. Feher and E. A. Gere, Phys. Rev. 114, 1245 (1959). 
2A. Portis, Phys. Rev. 91, 1071 (1953). 


WAl13. Pressure Energy, Source of Motive Power in the 
Pressure Theory of Thermo- and Photoelectricity. MILTON 
GREEN, Burroughs Laboratories —The mathematical formula- 
tion of the pressure theory! of the thermoelectric and photo- 
electric effects is based on the hypothesis that the motive 
forces responsible for these effects are due to pressure gradients 
of holes, electrons, and phonons. For a nondegenerate semi- 
conductor the pressures—P, of holes, P,, of electrons—behave 
like ideal vapors, namely, P,=pkT etc. The energy density 
due to the pressure is proportional to it (3P for an ideal mono- 
tonic gas) so that the flow of charge carriers down the pressure 
gradient, in accordance with the hypothesis 7, = —, grad P, 
etc., consititues a flow of energy from a region of higher energy 
density to a region of lower energy density (in agreement with 
the laws of thermodynamics). Charges flowing down the pres- 
sure gradient against an electrostatic field convert pressure 
energy into electrostatic energy, and conversely. Reversible 
equilibrium, J,=Z,=0, is governed by a conservation type 
equation, namely, the sum of the electrostatic energy and the 
pressure electromotive force energy of a charge carrier is constant, 
i.e., €V+kT Inp=const for holes, similarly for electrons. 


1 Milton Green, Bull. Am. Phys. Soc. 6, 28 (1961). 


THURSDAY MORNING AT 9:30 


Adams-Hamilton Room 


(J. A. WHEELER presiding) 


Theory, VII: General Theory, Mostly Relativity 


WBI1. Homogeneous Transformations. JANE ROBERG, 
U. S. Naval Ordnance Laboratory (introduced by J. H. Rosen- 
bloom).—The Hamilton-Jacobi formalism in classical me- 
chanics is based on the ordinary contact transformations. If 


one considers instead the homogeneous contact transforma- 
tions to be basic, one obtains a theory which is distinct from 
that of Hamilton and Jacobi but which nevertheless bears a 
strong resemblance to it. The theory of doubly homogeneous 
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transformations has been developed, including tensor analysis. 
The most striking thing to come out of the equations is spinor 
analysis. Antisymmetric tensors play an essential role quite 
apart from that of the symmetric tensor. In fact, the theory 
has been developed so far without introducting a symmetric 
tensor so that it is completely nonmetrical in character. In 
order to have application to physics, symmetric tensors must 
be introduced. 


WB2. Fundamental Postulates of the Special Theory of 
Relativity. M. Z. v. KrzywosLock!, Michigan State University. 
—The author proves that the two fundamental postulates of 
the special theory of relativity, i.e., the constancy of the speed 
of light and the invariance of the metric in the four-dimen- 
sional space, are not necessary for the validity of the main 
result of the special theory of relativitity, the equivalence of 
mass and energy. 


WB3. Covariant Dynamics of Spinning Particles. 
G. Szamost!, National Research Council, Oltawa.*—A system 
of equations describing the motion of a classical spinning par- 
ticle is solved. The covariant solution is a helix-like curve in 
space-time. The axis of the helix lies along a time-like direction, 
while the circular sections of the helix are in spacelike planes. 
In the special system in which the three-momentum of the 
particle vanishes, the motion reduces to the Hénl-Papapetrou- 
Weysenhoff classical Zitterbewegung. The invariant phase 
occuring in the space-like circular motions may be expressed 
by means of the four coordinates of the time-like motion 
(translation). The wave number in the phase turns out to be 
proportional to the momentum of the translation. 


_*On leave from the Department of Physics, Israel Atomic Energy 
Commission, Rehovoth, Israel. 


WB4. Electromagnetic Radiation by Electrically Charged 
Bodies in Gravitational Fields. WiLL1am H. Cuerry, RCA 
Laboratories.—Fundamental objections may arise when con- 
sidering charged bodies under gravity within the framework 
of general relativity. Local equivalence implies that in a uni- 
form gravitational field a freely falling body will not radiate. 
In a central field, as shown,! space-time curvature causes non- 
radiation electromagnetic field reaction to deflect the body 
from a geodesic. It therefore radiates. This argument includes 
orbital motion, but in spite of unsatisfactory features— 
dependence of radiation on mass, and radiative ineffectiveness 
of the oscillating charge—no obvious paradox is obtained 
because kinetic energy is always available to supply radiant 
energy. If, instead, the body is held stationary, equivalence 
implies a direct radiation process, as in eternal uniform accel- 
eration, but no conceivable source of energy. However, there 
are difficulties of analysis and in formulating the essential 
operational procedure for extracting energy. More tractable 
is the case of oscillatory free fall through a diameter of the 
earth, with arrested motion for fixed periods at either ex- 
tremity. This seemingly provides an unending source of 
extractable energy, which might be taken as reason for in- 
validating the space-time metric description of gravity. 


1B. S. DeWitt and R. W. Brehme, Ann. Phys. 9, 220 (1960). 


WBS. New Solution to the Einstein Field Equations.* 
JoHn SracHeL, Lehigh University Ehlers and Jordan,! 
generalizing the work of Beck? and Einstein and Rosen,’ have 
shown the form that the empty-space field equations take 
when wave fronts with cylindrical symmetry occur. A solution 
of these equations is presented. In contrast to solutions of 
linear wave equations with cylindrical wave fronts, and to the 
Einstein-Rosen solutions, pulse solutions of this type do not 
develop ‘‘tails’’ in their wake, and are never purely wavelike, 
but contain a static part. The use of several proposed energy- 
momentum complexes to evaluate the energy flux carried by 
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these waves is shown to lead to contradictory results. The 
Riemann tensor and polarization properties of this solution 
are discussed. 

* Supported in part by the National Science Foundation. 

1P. Jordan, Research on the Theory of Relativity (Aeronautical Research 
Lab. WCLJ TN 88-1.) 

2G. Beck, Z. Physik 33, 713 (1925). 

4A, Einstein and N. Rosen, J. Franklin Inst. 223, 43 (1937). 


WB6. On Spherically Symmetric Solutions to the Field 
Equations of the Generalized Theory of Gravitation. R. D. 
Woops, University of Miami.—The field equations for one of 
the spherically symmetric field types of Kursunoglu’s version of 
Einstein's generalized theory of gravitation! have been investi- 
gated. These four equations reduce to three which are linearly 
dependent, hence two second-order equations remain to be 
solved, leaving, as expected, one of the field quantities to be 
chosen arbitrarily. This system of equations, which are non- 
linear and contain the independent variable r, have two types 
of singular points, one for r= «, and the other for r=0. Series 
expansions, in powers of 1/r, of the solutions shows that for 
r large, ges goes as e/r*, while the symmetric part of g ap- 
proaches Schwarzschild’s solution. The preliminary results of 
an attempt to find numerically, with the aid of an electronic 
computer, solutions that have no singularity at r=0 will be 
presented. 


1B. Kursunoglu, Nuovo cimento 15, 729 (1960). 


WB7. Group-Theoretical Considerations Concerning the 
Construction of Lorentz-Covariant ‘‘Observables” in General 
Relativity.* PETER G. BERGMANN, Syracuse University.—lt 
has been suggested that the dynamical variables of general 
relativity should preferably be invariant with respect to 
gauge-type coordinate transformations, but noninvariant with 
respect to Lorentz-type transformations, both homogeneous 
and inhomogeneous. Such a program is feasible only if the 
totality of all transformations to be considered is a nonsimple 
group, that is, one which contains the gauge-type transforma- 
tions as a normal subgroup. Such nonsimple groups can in 
fact be found, though there is some question as to whether 
they have the structure desired. The construction of dynamical 
variables with the transformation properties indicated will 
also be discussed. 


* Work supported by the National Science Foundation and by AFOSR 
and WADD of the U. S. Air Force. 


WBS. Spacelike Hypersurfaces in Quantized General Rela- 
tivity.* James L. ANDERSON, Slevens Institute of Technology.— 
In the general theory of relativity the metric tensor gy» de- 
scribes not only the gravitational field but the geometry of the 
space-time manifold as well. As a consequence, the setting up 
of the initial value problem on the initial hypersurface is 
especially difficult, since the metric must be so chosen that the 
initial hypersurface is indeed spacelike and will remain so for 
at least a finite time into the future. In the quantum version 
of the theory we must likewise require that the initial hyper- 
surface of each member of the ensemble corresponding to a 
given state functional be everywhere spacelike. Since the 
range of values of the g,.(r, s=1, 2, 3) is unrestricted, it would 
seem at first sight that very few state functionals would 
satisfy our requirement. We can overcome this difficulty by 
imposing the coordinate conditions g:2=g23 = gs: =0 and using 
as new field variables the quantities g,; =Ing,:, etc. Then, even 
with unrestricted fluctuations of the g;, two neighboring points 
for which dx®=0 will always be spacelike. 


* Supported in part by Wright Air Development Division, U. S. Air 
Force. 


WB9. Spin-Statistics Theorem.* R. ARNowiITT, Syracuse 
University, AND S. DeserR, Brandeis University.—A derivation 
of the connection between spin and statistics is obtained on 
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the basis of the specific set of postulates of the Schwinger 
action principle. These include that (1) the Hilbert space 
metric is positive-definite, (2) local commutativity and 
(3) proper Lorentz invariance hold, (4) the fields have local 
interactions, and (5) variations of field amplitudes either 
commute or anticommute with the fields themselves. Neither 
positive-definiteness of the Hamiltonian nor TCP invariance 
need then be involved to obtain the connection for charged 
and neutral spin 0 to 1 and for neutral spin }. Either of the 
last named assumptions may be used to guarantee the proper 
connection for the charged spin $ field, where the purely alge- 
braic consistency proof used in the other cases is not sufficient. 


* Supported in part by the National Science Foundation and Air Force 
Office of Scientific Research. 


WBI10. Generalized Free Fields and Local Field Theory 
Models. O. W. GREENBERG.* M.J.T.—A generalized free field 
(x) is a field which has a c-number commutator, and which 
has a positive frequency part which annihilates the vacuum. 
Each ¢ is specified by the Lehmann weight of its commutator. 
Such a ¢ satisfies the axioms of local field theory, transforms 
as a Heisenberg field under a representation U, which we 
exhibit, of the inhomogeneous Lorentz group, but has asymp- 
totic fields which are not a complete set of fields. Given a ¢, 
we construct a set of models which satisfy the axioms of local 
field theory, are not unitarily equivalent to any ¢, transform 
as a Heisenberg field under the representation U which belongs 
to that ¢, have S-matrix equal to 1, but are not in the Borchers 
class! of any ¢. These models are specified by the Lehmann 
weight of their ¢ together with an arbitrary function of two 


THURSDAY AFTERNOON 


SESSIONS WB, 


X, AND XA 


variables. If the @ is chosen to be a mass m free field ¢o(x), 


the model reduces to a Wightman polynomial in @ 


* National Science Foundation Postdoctoral Fellow 
1 H.-J. Borchers, Nuovo cimento 15, 784 (1960) 


WB11. Triondynamics’ Explanation of Geometrodynamics. 
Joseru G. BarRREDO, C.S.I.C.—The chronosuperconductivity 
effect! explains geometrodynamics by demonstrating that the 
motion equation of mass-energy is dx/dt=dn/dt = Nt-4, 
where t=time and N=number of charges. Furthermore, it 
defines the observable x as the fusion of two charges within a 
trion made up of three charges in a row, the middle one being 
of different sign than the other two. Triondynamics demon- 
strates: (1) the suggestion of Einstein, Podolsky, and Rosen 
that ‘‘wave function does not provide a complete description 
of physical reality,’’! (2) Einstein’s prediction that the basi 
equation of physics must be nonlinear and that mathematical 
physics will have to be redone, (3) that modern mathematical 
logic’s preoccupation with classes and sets, i.e., with purely 
static entities, debars it from competence to explain reality, 
(4) that Euclid’s negative definition of “‘line’’ is not improved 
by Peano’s parametric equations based on Cantor’s notion of 
equality of number between two sets of physical objects. This 
is why we use the word “row” in defining the trion, rather than 
“line’’, ‘Line’ must be defined in terms of 
vice-versa. 


observ able,”’ not 


(1961); D 
546 


R. Inglis, ibid. 33, 


1J. A. Wheeler, Revs. Modern Phys. 33, 63 
1956), Bull. Ar 


1 (1961); J. G. Barredo, Naturwissenchaften 5, 
Phys. Soc. 5, 427 (1960). 
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Invited Papers 


X1. Lithium, Beryllium, and Boron in the Primary Cosmic Radiation. M. M. Suariro, U. S. 


Research Laboratory. (30 min.) 


X2. Sources of X-Ray Emission in the Sun’s Atmosphere. HERBERT FRIEDMAN, L’. S. 


Research Laboratory. (30 min.) 


X3. Proton Energy-Spectra of the Inner Van Allen Belt. J. E. NauGte, 


Flight Center. (30 min.) 


Naval 
Naval 


NASA Goddard Space 


THURSDAY AFTERNOON AT 1:30 


Continental Room 


(J. L. Fow.er presiding) 


Nuclear Reactions, VII (Including Fission) 


XAl. Gamma Yield From the Proton Bombardment of 
Tritium.* Catvin C. GARDNER AND JOHN D. ANDERSON, 
Lawrence Radiation Laboratory, Livermore.-—The Livermore 
90-in. variable-energy cyclotron has been used to measure the 
90° excitation function for the T(p,7)He* reaction, for proton 
energies between 5.8 and 9.2 Mev. In addition, y-ray angular 
distributions were measured at E,=5.8, 6.4, 7.7, 8.4, and 9.2 
Mev. The y radiation was produced in a 0,12-Mev-thick 
tritium gas target and detected in a 5-in.-diam by 6-in.-long 
Nal(TI) crystal. No evidence was found for the excited states 
of He‘ recently reported by Milone.! 


* Work done under the auspices of the U. S. Atomic Energy Commission. 
'C. Milone, Phys. Rev. 120, 1302 (1960). 


the 
AND 


Neutrons From 
R. L. WALTER, 
Angular distribu- 


XA2. Angular Distributions of 
T(p,n)He*® Reaction. W. E. WiLson, 
D. B. Fossan, University of Wisconsin.* 
tions of the neutrons from the 7(/,n)He?® reaction have been 
obtained at about 4 Mev intervals from 5-13 Mev bombarding 
energy. Measu ements were made at intervals of 10 deg up to 
140 deg in the lab. Absolute cross sections were obtained by 
normalizing at 0° to telescope measurements of the forward 
yield.! A stilbene scintillator with pulse shape discrimination 
was used as a detector. Differential cross sections in the center- 
of-mass system have been fitted with a series of Legendre 
polynomials. Polynomials up to order 4 are sufficient to fit 
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the data in the energy region covered. When the angular dis- 
tributions are integrated over solid angle, it is found that the 
total cross section varies approximately as E~ in the region 
investigated. The agreement with other measurements of the 
angular distributions is satisfactory.? 

* Work supported by the U. S. Atomic Energy Commission and the 
Wisconsin Alumni Research Foundation. 

1W. E. Wilson, D. B. Fossan, and R. L. Walter, Bull. Am. Phys. Soc. 5, 
410 (1960). 


2M. D. Goldberg, J. D. Anderson, J. P. Stoering, and C. Wong, Bull. 
Am. Phys. Soc. 6, 60 (1961); and private communication. 


XA3. Polarization of Protons From the He*(d,p)He* Re- 
action.* R. I. BRowN AND W. HAEBERLI, University of 
Wisconsin.—The polarization of protons in the He*(d,p)He* 
reaction has been measured from 20° to 100° for 6 and 8 Mev 
deuterons. The target was a 0.5-cm diameter cylinder with 
walls! 2.6 uw thick, containing He* at 16 atm. Left-right asym- 
metries of protons elastically scattered from carbon at a labo- 
ratory angle of 44° were measured with Nal crystals. Poly- 
ethylene foils were used to slow down the protons to an energy 
region where the analyzing power of carbon? is known. The 
He*(d,) He‘ polarization is positive (with respect to Kin X Kout) 
for forward angles with maximum values at 30° (+0.53+0.03 
at 6 Mev and +0.82+0.05 at 8 Mev), and negative for 
Pian >60° with maximum values at 100° (—0.66+0.06 at 6 
Mev and —0.06+0.10 at 8 Mev). The uncertainties quoted 
are statistical errors in the present measurements only. Instru- 
mental asymmetries lead to false polarizations no greater than 
+0.04. 


* Work supported by the U. S. Atomic Energy Commission and the 
Wisconsin Alumni Research Foundation. 

1“Havar"’ foil, a high tensile strength alloy supplied by Hamilton Watch 
Company, Lancaster, Pennsylvania. 

2S. Yamabe e al., J. Phys. Soc. Japan 15, 2154 (1960). 


XA4. Source of Polarized Deuterons. J. E. SHERWoop, 
S. J. OVENSHINE, AND R. F. K1nG, Oak Ridge National Labo- 
ratory.—The ORNL polarized ion source! consists of a Woods 
tube dissociator followed by a Stern-Gerlach polarizer and 
electron-bombardment ionizer. For the case of deuterium, the 
magnetic deflection permits selectron of either the m;=} or 
m;= —}, (m;=0, +1) strong-field stomic states. When these 
states are ionized, the resultant deuteron spin populations are 
such as to yield a polarization of 4. A convenient test for deu- 
teron polarization, as pointed out by Galonsky, Willard, and 
Welton,? is to look for anisotropy in the neutron yield of the 
T(d,n)He* reaction. We have observed this anisotropy at a 
deuteron energy of 115 kev. At present, the polarized ion 
current is about 10-® amp. The apparatus and its limitations 
will be discussed. 

1 Bull. Am. Phys. Soc. Ser. 5, 441 (1960). 


2A, Galonsky, H. B. Willard, and T. A. Welton, Phys. Rev. Letters 2, 
349 (1959). 


XAS. Angular Correlation Chamber.* R. WEINBERG, 
H. M. Downs, ANnp L. J. Liporsky, Columbia University —A 
48-in.-diam angular correlation chamber has been built with 
independent angular motions provided for two counters. 
Counter ‘“‘A’’ can be set remotely to any polar angle in the 
horizontal plane, while counter “‘B”’ can be positioned to any 
polar angle and to azimuthal angles of 120° to —120° as 
measured from the vertical plane. The motions are controlled 
and indicated by ‘‘Slo-Syn’’! motors which permit the setting 
of angles in the horizontal plane with an error <0.03°, and in 
the vertical plane with an error <0.1°. Other features of the 
chamber and its mechanisms will be discussed. 


* This work partially supported by the U. S. Atomic Energy Commission, 
1 Superior Electric Company, .Jo. SS50-P1. 


XA6. Reaction Cross Sections for Alpha Particles.* J. R. 
HvuIzenGA, R. VANDENBOSCH, AND H. WARHANEK, Argonne 
National Laboratory.—The total fission cross sections have 
been measured for U™* and U®* targets bombarded with 18-43 
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Mev helium ions. Uniform targets were prepared by volatili- 
zation and electrodeposition and their thicknesses determined 
by a-particle counting and pulse height analysis. The fission 
fragments are detected with solid state counters in a small 
evacuated scattering chamber. The solid angles of the detec- 
tors are established with coliimators and the cross section 
calculations utilize previous fission-fragment anisotropy meas- 
urements.! These targets were chosen because their fission 
cross sections represent most of the reaction cross section and, 
in addition, the spallation cross sections are known. The ex- 
perimental reaction cross sections will be compared with those 
determined from optical model calculations? which utilize a 
complex nuclear potential derived from a-particle elastic 
scattering. 


* Based on work performed under the auspices of the U. S. Atomic 


Energy Commission. 

1R, Vandenbosch, H. Warhanek, and J. P. Huizenga, Bull. of Am. Phys. 
Soc. 5, 410 (1960). 

2J. R. Huizerga and G, Igo (unpublished). 


XA7. Delayed Gamma Rays from the Photodisintegration 
of U***.* R. B. Watton, E. Happap, J. C. YounG, ano C. W. 
Cook, General Atomic.—Delayed gamma-ray intensities have 
been measured from 30 usec to 8 sec after the photodisintegra- 
tion of U%*. A sample of U** was placed in a well-collimated 
beam of x rays which were produced by bombarding a thin 
tungsten target with 5-ysec-wide pulses of 20-Mev electrons. 
A plastic scintillation detector was used to detect all delayed 
gamma rays having energies greater than 250 kev. The ob- 
served gamma-ray intensity falls with an apparent half-life 
of about 80 usec in the interval from 30 ysec to 800 usec, then 
remains almost constant for times up to 0.1 sec. After 0.1 sec, 
the intensity decreases at a rate consistent with previous meas- 
urements of delayed gamma rays from the thermal neutron 
fission of U*%, Gamma rays observed in this experiment 
probably resulted from the decay of fission products formed 
by U%* photofission; however, the possibility that the decay 
of U8 (y,n) and (y,2m) reaction products contributed to the 
observed signal cannot be excluded. Measurements repeated 
with a 510-kev bias showed the same initial decay character- 
istic. In an attempt to evaluate neutron backgrounds using a 
mercury sample, gamma rays with energies less than about 
510 kev and an apparent half-life of 102 wsec were observed. 


* Work conducted under a U. S. Air Force contract. 


XA8. Additional Long-Range Particles from the Spon- 
taneous Fission of Cf*®?.* H. E. WEGNER, Los Alamos Scientific 
Laboratory—A dE/dx and E mass identification detector 
system was used to observe long-range particles from the 
fission of Cf*?, The mass and energy scales of the detector 
system were calibrated with various reaction particles from 
light nuclei bombarded with 28-Mev a particles. More than 
100 events corresponding to tritons were observed. The energy 
spectra of the deuterons and He? particles were not measured, 
and their association with the fission process rather than back- 
ground effects has not been definitely established. The onset 
of the proton and triton energy spectra occurs at 5.5+1.0 
Mev; the spectra then rise rapidly to a maximum at 8.5+1.0 
Mev and gradually decrease to zero at 16+1 Mev. With a 
long-range a-particle relative yield of 100, the proton yield is 
2.2+0.5; deuterons, <0.5; tritons, 6.0+0.5; and He® par- 
ticles, <0.5. The triton yield is in qualitative agreement with 
that of Watson.! Possible origins of these particles and further 
diagnostic experiments will be discussed. 

* Work supported by the U. S, Atomic Energy Commission. 

1J. C. Watson, Phys. Rev. 121, 230 (1961). 


XA9. Delayed Gammas from Fission, I.* Puitip C. FIsHer, 
Lockheed Missiles and Space Division and Los Alamos Scientific 
Laboratory, AND LEON B. ENGLE, Los Alamos Scientific Labo- 
ratory.—Measurements! have been made of the variation in 
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time and energy of the delayed gammas emitted between 
0.15 Mev and 6.5 Mev after almost instantaneous neutron- 
induced fission. Seventeen bin distributions of the absolute 
number of photons/Mev/sec/fission have been derived from 
the overlapping sets of 100-channel pulse height analyzer data. 
Photons below 6.5 Mev were detected in five short time inter- 
vals between 0.2 sec and 45 sec after fast reutron fission of 
Th, U233, U235, U8, and Pu®®, Furthermore, the time decay 
of gammas above several fixed pulse height biases was followed 
from 0.3 sec to 300 sec after fission. Some data from fast 
neutron fission of U*, U6, Np37, and Pu®, and thermal 
fission of U5, U2, and Pu®® also were obtained. Typical time 
decay and pulse height distribution data will be presented. 
The variation with time and the time integrated values of the 
number of photons/fission will be given for the first five iso- 
topes listed above. 

*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 

1P. C, Fisher, M. P. Kellogg, P. G. Koontz, and L. B. Engle, Bull. Am. 
Phys. Soc. 4, 31 (1959). 


XA10. Delayed Gammas from Fission, II.* Leon B. ENGLE, 
Los Alamos Scientific Laboratory, AND Puicip C. FIsHER, 
Lockheed Missiles and Space Division and Los Alamos Scientific 
Laboratory (introduced by Philip C. Fisher).—A response 
matrix has been constructed for the 4 in. X4 in. Nal total- 
absorption crystal spectrometer used for the measurements of 
Part 1. The matrix was derived from line shapes obtained by 
measuring the gammas emitted by nine different radioactive 
sources and three different (p,ay) reactions. Photon spectra 
were then derived by applying this matrix to the experimental 
data. So far no smoothing techniques have been employed. 
The following photon distributions will be intercompared: 
(a) one isotope for the five time intervals after fission, and 
(b) the five standard isotopes for one time interval after 
fission. Least-squares fits to the time-decay data have been 
used to determine apparent relative abundances, a;, and 
periods, 7;. Sets of a;, 7; for each of the five standard isotopes 
for eight different pulse height intervals were found. A com- 
parison will be given of the relative rates of decay of the 
standard isotopes. 


* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 


XA11. Fission Fragment Kinetic Energy Distributions for 
the Less Fissionable Elements.* R. VANDENBOSCH AND J. R. 
HuIzENGA, Argonne National Laboratory.—Kinetic energy 
distributions for deuteron and helium ion-induced fission of 
Bi, Pb, Tl and Au have been measured using surface barrier 
solid state detectors.! The kinetic energy distributions are 
symmetric and quite narrow. Comparison with mass distri- 
butions®* for these elements shows that the width of the 
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kinetic distributions arises in large part from the mass distri- 
bution. Total kinetic energies have been obtained by calibrat 
ing the detectors with Cf? spontaneous fissions 

*Work performed under the auspices of the U. S 
Commission, 

1 We are indebted to D. M. Sparlin for supplying the solid state detectors 

2A, W. Fairhill, Phys. Rev. 162, 1335 (1956). 

sE. F. Neuzil, Ph.D. thesis, University of Washington, 1959 (un 
published). See R. C. Jensen and A. W. Fairhall, Phys. Rev. 118, 771 (1960) 

XA12. Fission Energetics of Th™*.* A. B. Smiru, A. M 
FRIEDMAN, P. R. FIELDs, AND R. G. NoBLEs, Argonne National 
Laboratory.—The distribution of the kinetic energy of frag- 
ments emitted as a result of the neutron-induced fission of 
Th** has been determined. Incident neutron energies of 
1475+35 kev and 1600+35 kev were used to observe fission 
below and at the peak of the large neutron resonance. The 
distributions at the two incident neutron energies are the same 
within the experimental errors. The measured total average 
fragment kinetic energy was 155+4.5 Mev. The most probable 
fragment mass ratio is 1.47+0.05, and the average kinetic 
energies of the light and heavy fragments are 95+2 and 60+3 
Mev, respectively. The experimental results are related to the 
known systematics of neutron induced and spontaneous 
fission. The effect of collective nuclear rotations at the saddle 
point is discussed with particular emphasis on fission from 
specific rotational bands. 

* Based on work performed under the auspices of the 
Energy Commission. 

XA13. Dependence of Neutron Production in Fission on 
Rate of Change of Nuclear Potential. Ropert W. FULLER, 
Princeton University.—Most prompt neutrons from fission are 
thought to come from separated fission fragments excited 
during scission. Can some come out in a prior process: excita- 
tion of individual nucleons in the dividing nucleus by non- 
adiabatic changes in the nuclear potential? J. A. Wheeler has 
raised the question : Can enough energy be transferred to some 
neutrons by the nonadiabatic distortion of the potential as the 
nucleus fissions to free them? To study this possibility we 
consider a square well containing a Fermi sea of nucleons in 
the middle of which is ‘“‘erupting’’ an inverted square well 
“volcano.” It rises and divides the original square well into 
the two fission fragments. The energy transferred to the nu- 
cleons can be calculated analytically for the two limiting 
cases, adiabatic and sudden changes of potential. The transi- 
tion between these limiting situations has been studied on a 
computer. One finds that both the number of particles ejected 
and the mean energy transfer possess maxima for intermediate 
rise time T. This is reminiscent of the behavior of the mean 
energy transfer of a harmonic oscillator whose equilibrium 
position is jerked. For a particular model the fraction of 
nucleons that escapes for 7 =10 


2 sec is 0.13 


THURSDAY AFTERNOON AT 1:30 


Franklin Room 


(E. V. HAyWArp presiding) 


Y. Post-Deadline Papers, if Any 


THURSDAY AFTERNOON AT 1:30 


National Bureau of Standards, East Building 
(R. F. Post presiding) 


Plasma, Ill 


YA1. Frequency Dependence of Plasma Acceleration by 
rf Field Gradient.* G. A. Swartz, RCA Laboratories, AND 
T. T. ReEBout anp G. D. Gorpon, RCA Astro Electronics 


Division.—Previous work! has shown that a plasma can be 
accelerated by an rf field gradient. Experimental confirmation 
was obtained by measuring the transit time of plasma elec- 
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trons between two probes. In the present work the transit 
time of the plasma ions was measured. The ion velocity showed 
a hyperbolic dependence on the maximum rf field amplitude 
which is consistent with the previous theory. To determine 
the frequency dependence, measurements were made at 140 
and 330 Mc; the kinetic energy imparted by the rf field was 
found to be inversely proportional to the applied frequency. 
A comparison of the experimental data with the theory indi- 
cates that the ratio of the plasma frequency to the applied 
frequency was approximately unity. 500-kc oscillations in the 
ion current to the detection probes were observed when large 
rf fields were applied. The amplitude of oscillation decreased 
strongly when a magnetic field of ten gauss was applied in the 
rf field-plasma interaction region. 

* Supported by ARPA through the U. S, Air Force Office of Scientific 
Research under contract. 


G. A. Swartz, T. T. Reboul, G. D. Gordon, and H. W. Lorber, Phys, 
Fluids 3, 973 (1960). 


YA2. Electromagnetic Diffusion into a Cylindrical Plasma 
Column during the Early Stages of Pinch Formation.* ]osrPh 
L. NEURINGER, LESTER Kraus, AND HERBERT MALAMUD, 
Republic Aviation Corporation.—The diffusion of electromag- 
netic energy into a cylindrical plasma column due to the dis- 
charge of the energy stored in a capacitor is formulated taking 
into account the effects of the capacitance and inductance of 
the discharge circuit. The discharge circuit reflects the linear 
pinch geometry in that the energy source is a charged conden- 
ser and the return lead is a perfectly conducting cylindrical 
shell concentric with the surrounding the plasma column. The 
plasma properties enter the formulation through an extended 
Ohm’s law which includes the time rate of change of current 
density. Under the assumption that changes in the ionization 
density and collision frequency may be neglected, Maxwell's 
equations lead to a third-order linear partial differential equa- 
tion for the diffusion current. An exact solution is obtained by 
Laplace transform techniques using appropriate initial and 
boundary conditions which take into account the finite ex- 
ternal circuitry. The spatial and temporal behavior of the 
current density distribution as functions of the parameters 
which characterize both the circuit and the plasma are dis- 
cussed and compared with that of an ordinary conductor 
obeying the simple Ohm’s law. 

* This work was supported in part by the U. S. Air Force Office of 
Scientific Research, 


YA3. Instability of a Resistive Sheet Pinch.* JoHN KILLEEN 
AND HAROLD P. FurtH, Lawrence Radiation Laboratory, Liver- 
more.—A resistive sheet pinch is subject to flutelike hydro- 
magnetic instabilities, aligned in the direction of current flow. 
The basic concept has previously been presented qualitatively 
in an astrophysical context,! and in the context of the sheet 
pinch.? A complete analysis has now been made of a model 
using an incompressible fluid of infinite extent, with a sheetlike 
region of finite (isotropic) conductivity representing the pinch. 
The procedure is to assume perturbations in the magnetic field 
and plasma velocity, which in the infinite conductivity ap- 
proximation would lead to stable hydromagnetic oscillations, 
and calculate their resistive relaxation. We obtain a pair of 
partial differential equations for the first-order perturbations 
in the magnetic field and plasma velocity. These equations are 
solved numerically, using an IBM 709 code. Unstable relaxa- 
tions are found for wavelengths large compared to the thick- 
ness of the sheet pinch. 

1J. W. Dungey, Cosmic Electrodynamics (Cambridge University Press, 


New York, 1958), pp. 98-102. 
?H. P. Furth, Bull. Am. Phys. Soc. 6, 193 (1961). 


YA4. Synoptic Analysis of a Dynamic Pinch. M. C. Cuap- 
MAN, Northrop Corporation, Norair Division, AND RICHARD L. 
Moore, Richard L. Moore Consultants —The dynamic pinch 
experiments of Burkhardt and Lovberg! are shown to agree 
with a Gaussian density distribution with a vacuum plasma 
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interface which moves radially under the action of the applied 
forces. Laws of continuity of motion and material are applied 
to obtain a self-consistent analysis of the motion. The interface 
is located by a variety of techniques based on the discontinui- 
ties of both hydrodynamics and Maxwell's equations. Use is 
made of the fields of B/dt, the discontinuity at the interface 
between the smooth internal function and the smooth external 
function of (a) k-VXH and (b) 1 o-V?H. In addition, im- 
portant information may be deduced from the variation of 
lo-VXH and k-V°H. The existence of a snowplow density 
distribution at the interface is not substantiated by the experi- 
mental analysis. 

1L. C. Burkhardt and R. Lovberg, in Proceedings of the Second United 


Nations International Conference on the Peaceful Uses of Atomic Energy 
(United Nations, New York, 1958), Vol. 32. 


YAS. Acceleration of a Stabilized Pinch in a Rail Gun.* 
M. O. Stern, C. L. OxLey, N. A. KRai, R. L. Morse, anp 
R. R. Witson,t General Atomic.—Stabilization against 
Rayleigh-Taylor accelerative instabilities in a rail gun can 
theoretically be achieved! by incorporating a B, field perpen- 
dicular to the rail faces in the plasma. In our gun, this has 
been accomplished in a stabilized pinch geometry, which also 
allows assembly and full ionization of the gas before accelera- 
tion. At one end of longitudinally slotted rails a B, field is 
applied, and a hollow elliptical cylinder of gas is injected. 
Electrodes in the gas inlet provide preionization. Pinch 
current, fed to the gas symmetrically, rises in 5 psec. A fast 
condenser system (1 usec rise) applied to the rail ends accel- 
erates the plasma. During acceleration, the width of the pinch 
is held constant by the locking of the B, in the rail system. The 
back face of the pinch is accelerated by transverse fields, 
stabilized by B,; the front face is accelerated by B,, stabilized 
by transverse fields. Pickup coils show reproducible trapping 
of the B, field and its transport 50 cm to the end of the rails. 
Further diagnostic information will be given. 


* This work supported by General Atomic and Texas Atomic Energy 
Research Foundation. 

t Corneil University. 

1 Albares, Krall, and Oxley (submitted to Phys. Fluids). 


YA6. Experiments With a Rail-Type Plasma Accelerator 
Using Ferrite Cores.* THomas L. THOURSON AND JOHN R. 
Baskett, Borg-Warner Corporation—A simple _rail-type 
plasma accelerator! in which the plasma electrically connects 
the two parallel rails during acceleration has a basic weakness 
in that the accelerating magnetic field diverges to the side. 
The plasma, being diamagnetic, tends to migrate to the weaker 
part of the field, that is, to the side. Thus, a portion of the 
plasma soon passes out of the influence of the magnetic field 
and the plasma will eventually lose its identity. The diverging 
magnetic field lines can be straightened if the accelerator is 
surrounded with ferrite-core material reducing the tendency 
for the plasma to leak to the side. Experiments were performed 
using rail accelerators with and without a ferrite core. The 
plasma was metal derived. Results showed an increase in 
plasma mass although the plasma kinetic energy was un- 
changed. From these results one can conclude that the colli- 
mation of the plasma mass was improved. 

* Supported in part by the Air Research and Development Command, 
Wright Air Development Division, U. S. Air Force. 


1 Korneff, Nadig, and Bohn, Conference on Extremely High Temperatures 
(John Wiley & Sons, New York, 1958). 


YA7. Apparent Observation of Ionic Sound Waves in a 
Plasma. 1GorR ALEXEFF AND RopGER NEIDIGH, Oak Ridge 
National Laboratory.*—Oscillations have been observed in a 
magnetically supported cylindrical rod of plasma. An oscilla- 
tion can be quite pure in frequency. Harmonics can also be 
excited alone. Radio frequency amplitudes of more than 20 v 
have been seen on a probe. The oscillation appears to be pro- 
duced by a longitudinal standing ionic sound wave. The fre- 
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quency is given by the formula 


1 /3kT. ‘)' 
21 mM; : 


The electron temperature T, is found to be roughly equal in 
energy to the first excitation potential in the un-ionized gas. 
The frequency dependence on ion mass m; and on plasma 
column length / for ions of mass 1 to 201, and for columns of 
length 2.2 to 23.0 cm, will be discussed. 


* Operated by Union Carbide Nuclear Company for the U. S. Atomic 
Energy Commission. 


f= 


YA8. X-Ray Observations of Line Spectra from Highly 
Stripped Ions in a Magnetically Compressed Plasma.* F. L. 
Ripe, A. J. BEARDEN,t G. A. SAWYER, AND T. F. STRATTON, 
Los Alamos Scientific Laboratory.—A single-crystal x-ray dif- 
fraction spectrometer has been constructed and used to study 
the soft x rays emitted by the magnetically compressed Scylla 
plasma.! The diffracting element is a beryl crystal plate cut 
and ground parallel to the 1010 planes (2d=15.92 KXU), 
polished and etched to give a uniform diffraction width of 40 
sec of arc over its surface for Cu Ka radiation. When small 
amounts of oxygen are added to the deuterium gas of the 
discharge, spectral lines of the Lyman series of O vim (series 
limit: 14.2 A) are observed. With neon added, lines of the 
singlet series, as well as intercombination transitions in the 
helium-like spectrum of Nerx (series limit: 10.4 A) and 
Lyman lines of Ne x (series limit: 9.12 A) are observed. The 
Ne Ix lines are observed to occur earlier during the magnetic 
compression than those of Ne x. 

*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 

t Consultant, permanent address: 
University, Ithaca, New York. 


1K. Boyer, W. C. Elmore, E. M. Little, W. E. Quinn, and J. L. Tuck, 
Phys. Rev. 119, 831 (1960). 


Department of Physics, Cornell 


YA9. X-Ray Observations of the Emission Continuum from 
Scylla.* G. A. Sawyer, A. J. BEARDEN,t F. L. RiBE, AND 
T. F. Stratton, Los Alamos Scientific Laboratory.—The beryl 
crystal diffraction spectrometer described in the previous 
paper has been used to measure the shape and intensity of the 
x-ray continuum spectrum from the magnetically compressed 
deuterium plasma of Scylla with no impurities added to the 
discharge gas. The shape of the continuum spectrum is found 
to be given by the function exp( —hv/kT.), where the electron 
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temperature thus determined is 345+40 ev. This temperature 
is larger than that deduced from previous x-ray absorption 
measurements.! The difference is accounted for by the presence 
of line radiation from wall impurities in the continuum wave- 
length region, whose effects are eliminated in the present 
measurements. In order to determine the absolute intensity 
of emission the reflection coefficient of the beryl crystal was 
determined over the range of wavelengths for which observa- 
tions were made of the plasma x rays. This measurement wes 
performed with characteristic line and continuum radiation 


from various targets in a demountable x-ray tube. 
*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 
t Consultant, permanent address: 
University, Ithaca, New York. 
. C. Jahoda, E. M. Little, W. E. 
Stratton, Phys. Rev. 119, 843 (1960). 


Department of Physics, Cornell 


Quinn, G. A. Sawyer, and T. F 


YA10. Experimental Evidence of Plasma Oscillations in 
Metals. P. R. Wesset, U. S. Naval Ordnance Laboratory. 
The radiation emitted from thin silver films, bombarded with 
20 kev electrons, has been studied. This radiation exhibits the 
characteristics predicted by Ferrell! on the basis of plasma 
theory. Experimental results verify the existence of a strong 
peak in the radiation spectrum, occurring at the plasma fre- 
quency, which has the correct angular distribution and polari- 
zation for plasma radiation. 


1R, A, Ferrell, Phys. Rev. 111, 1214 (1958). 


YA11. Electron-Hole Plasma Pinching in p-type InSb. 
Betsy ANCKER-JOHNSON AND ROGER W. CoHEN, RCA Labo- 
ratories.—Plasma pinching has been observed at 77°K in a 
single crystal of p-type InSb of hole density equal to 2.6 < 10"* 
cm~*, A microsecond constant-current pulse was used to obtain 
the necessary electric fileds. Contacts to the sample were made 
in such a way that injection currents were essentially elimi- 
nated, or, on the other hand, were enhanced. The density of 
injected holes and electrons did not appreciably affect the 
current at which pinching began, which was about 2.5 amp 
(about 1250 amp/cm?). The field strength at the onset of 
pinching, however, varied considerably with the quantity of 
injected holes and electrons, and has a maximum value of 
about 200 v/cm in the case of minimal injection. Pinch times 
of tenths of microseconds were measured, in agreement with 
theory.! 


1M. Glicksman and R. A. Powlus, Phys. Rev. (to be published). 


THURSDAY AFTERNOON AT 1:30 


Cotillion Room, South 


(V. W. HuGuHeEs presiding) 


Pions 


Z1. Pion Photoproduction Recoil Nucleon Polarization 
Measurements Using Visual Detectors.* V. Z. PETERSON, 
California Institute of Technology.—Special problems exist in 
making measurements of the polarization of the recoil nucleon 
in pion photoproduction processes, such as y+p—>p+7", 
owing to the continuous energy spectrum of the incident 
bremsstrahlung. Knowledge of the scattering angle and energy 
loss of each scatter avoids systematic asymmetries and con- 
tamination of the sample by inelastic events The low flux of 
recoil protons (typically 107 less than cyclotron beams) in- 
volved in electron synchrotron pion photoproduction makes 
use of thin scatterers and good angular definition very difficult 
Use of bremsstrahlung cutoff to define inelasticity may intro- 
duce further asymmetries, and does not exclude all inelastic 


scatters. Visual scatterer-detectors (nuclear emulsion, non- 
hydrogen bubble chambers, and perhaps spark counters) have 
the advantages that individual scatters may be seen, obviously 
inelastic events can be readily eliminated, and the energy loss 
in the scattering process can be measured. Magnetic pre- 
selection does not introduce uncertainties in the scattering 
angle. Polarization in neutral pion photoproduction in the 
vicinity of the second resonance has been measured by nuclear 
emulsions and by propane bubble-chamber. Data will be 
presented for gamma-ray energies of 450 to 900 Mev and 
90° c.m. production angle. 

U. S. Atomic Energy 


* This work was supported in part by the 


Commission. 
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Z2. x +p-—> x’+n Charge Exchange Cross Sections at 
20.7 and 31.0 Mev.* K. Miyake, K. F. Kinsry, AND D. E, 
Knapp, The University of Rochester.—A measurement has been 
made of the differential and total cross sections at 31.0 Mev 
and the total cross section at 20.7 Mev for the reaction 
a +p —x°+n. A thin-walled liquid hydrogen target was 
used. The gamma telescopes used a Cerenkov counter to 
identify the conversion electrons and a thin-lead converter 
to avoid complications from cascade processes. The angular 
distribution in mb/sr at 31.0 Mev is: doe/dQ2=(1.00+0.02) 
[(0.51+0.04) —(0.61+0.11)P,(cos#@) +(0.12+0.36)P2(cosé@) J. 
The total cross sections at 31.0 and 20.7 Mev are 6.5+0.5 and 
5.4+0.4 mb, respectively. The data are also analyzed in terms 
of phase shifts. Assuming a linear momentum dependence of 
a, and a3, the quantity (a;—a3) =0.27+0.02. This agrees with 
the prediction (a;—a;) =0.245+0.01' from photoproduction 
and the Panofsky ratio. There are theoretical and experimental 
grounds for a nonlinear behavior of a; and a;, which would 
improve the agreement. 


* This work partially supported by the U. S. Atomic Energy Commission. 
1 J. Hamilton and W. S. Woolcock, Phys. Rev. 118, 291 (1960). 


Z3. Interactions of 10 Bev/c = Mesons.* R. J. PREM, 
E. Rapoport, Y. PrakasHu, G. A. SNow, AND P. H. STEIN- 
BERG, University of Maryland.—A stack of 42 emulsion 
pellicles (40 X15 X0.06 cm) was exposed to a negative second- 
ary beam of 10 Bev/c at the CERN 25 Bev proton accelerator. 
The flux of beam particles was 2.5 X 104/cm*. Scanning along 
beam tracks to locate interactions is in progress. Events in 
which only minimum tracks emerge from the point of inter- 
actions are given special attention. To date, 35 meters of beam 
track has been followed and 60 multiprong interactions have 
been found. This corresponds to a m.f.p. of 58 cm without 
correction for w~ and e~ contamination in the beam. Further 
progress will be reported. 


* This work is supported by the U. S. Atomic Energy Commission. 


Z4. Meson-Nucleon Interactions in 10- to 1000-Bev Energy 
Range. P. L. Jain, University of Buffalo.—A stack of nuclear 
emulsion consisting of 200 pellicles 60X30 cm, 600 uw thick, 
was exposed for 13 hr at 116 000 ft from Brownwood, Texas. 
By scanning the forward cone of half-opening angle of 1107? 
rad around the shower axis of the singly charged and neutral 
high-energy jets with a dip angle <17°, we have recorded the 
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charged and neutral secondary interactions which had five or 
more shower particles collimated in the forward direction of 
the original interactions. The angular distribution of shower 
particles by twenty nine charged and ten neutral secondary 
interactions was measured. These distributions will be dis- 
cussed with respect to certain known models. 


ZS. 1.97+0.06 Bev/c x Mesons in a Hydrogen Bubble 
Chamber. A. R. Erwin, R. H. Marcu, anp W. D. WALKER, 
Brookhaven National Laboratory and University of Wisconsin, 
AND J. BALLAM, Brookhaven National Laboratory and Michigan 
State University —Approximately 600 strange particle pro- 
ductions have been observed in a 1.97 bev/c x~ beam produced 
at the Brookhaven cosmotron. On the basis of these events it 
is estimated that about 2% (~0.6 mb) of all the interactions 
result in the production of strange particles. Associated 
production with at least one extra pion is very common at this 
energy. Analysis is especially simple for about 25% of the 
events because all three final state products are visible. The 
total absence of the »~+p—- 2*++K°+-x~ reaction suggests 
that the K =m system cannot appear in a pure T=} state. 
The ratio (2~K°rt)/(2-K+n°) ~2 further supports the idea 
that the K —x system is predominantly T =}. Branching ratios 
for production and final state, two-body Q values will be 
presented. Decay asymmetry for the A°’s will be discussed. 


Z6. x -p Interactions at 1.97 Bev/c. W. D. WALKER, 
H. R. Fecuter, R. H. Marcna, D. Lyon, P. SATTERBLOM, AND 
A. R. Erwin, Brookhave n National Laboratory and University 
of Wisconsin, AND J. BALLAM, Brookhaven N. ational Laboratory 
and Michigan State University—The 14-in. hydrogen bubble 
chamber built by Adair and Leipuner was exposed to a x7 
beam of 1.97 Bev/c momenta. An analysis has been made of 
some of the interactions which give rise to final states in which 
there are two and three x mesons. Of the two-pion production 
cases about 40% seem consistent with a simple x-z collision. 
The mass spectrum of the dipion system seems to be peaked 
at about 700 Mev for those cases which are consistent with 
a a-m collision. The remainder of the two-pion production 
involve large momentum transfers and are not understandable 
in any very simple way. The three-pion production processes 
seem to have almost isotropic angular distributions of all 
products. Examples have also been observed of four- and five- 
pion production processes. 


AFTERNOON AT 1:30 


Cotillion Room North 


(K. LEHOvECc Presiding) 


Semiconductors, II 


ZA1. Lattice Absorption Bands and Clustering in Semi- 
conductor Alloys. E. E. LoeEBNER AND E. W. Poor, JR., RCA 
Laboratories.—Within the quaternary system Ga-P-Si-Zn, 
there exist substitutional semiconductor alloys, whose com- 
position is (16 GaP)a-s) (ZnGasSir7Ps)z with 0<x <0.66.! 
This system, characterized by a Si:Zn ratio of 17, has a linear 
variation with x of the sphalerite lattice parameter and of the 
optical energy gap.! An investigation of the infrared absorption 
spectrum up to 25 uw of samples having x of about 0.3 and 0.6 
indicates the presence of bands having extrema at the same 
positions as those reported in pure GaP.? At frequencies inter- 
mediate to those for GaP and Si new bands appear. This 
frequency stability of lattice bands with changing alloy com- 


position resembles the behavior of Si-Ge® and InP-InAs* alloy 
systems. The findings are interpreted to be due to atomic 
clusters whose composition is close to the termini of these 
systems. The clusters are estimated to contain 100-1000 atoms. 
The determinations of lattice parameters and energy gaps are 
based on effects averaged over many clusters. In contrast, 
combination bands are due to short wavelength phonons which 
are more localized. They probe selectively regions interior and 
exterior to the clusters. 


Metallurgy of Elemental 


1 E. E. Loebner, I. J. Hegyi, and E. W. Poor, Jr., 
Inc., New York, 


and Compound Semiconductors (Interscience Publishers, 
1961). 
2D, A. Kleinman and W. G. Spitzer, Phys. Rev. 118, 110 (1960). 
*R. Braunstein, Bull. Am, Phys. Soc. 5, 198 (1960). 
4F. Oswald, Z. Naturforsch. 14a, 374 (1959). 
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ZA2. Oxide Formation on CdTe and ZnTe.* H. D. CoGuiLL, 
R. K. DiCrerso, R. E. HALtstep, AND M. R. LorRENz, General 
Electric Research Laboratory.—\rreversible changes in the 
electrical and optical properties of surfaces of single crystals of 
CdTe and ZnTe occur on exposure to air. The reaction rate 
increases with increasing temperature. Electron diffraction 
measurements have established that these changes are due in 
part to the formation of TeO, surface films. This behavior is 
consistent with the oxygen-sulfide (e.g., ZnS) reaction in 
which SO, is an initial reaction product.! Beneath the trans- 
parent surface oxide film the oxygen interaction produces a 
“diffused impurity”’ layer which also has optical and electrical 
properties different from the initial sample. One might antici- 
pate n-type conductivity in a layer containing Te vacancies or 
oxygen substituted for Te. However, p-type conductivity is 
observed. TeO2 formation does not simply fit into previously 
proposed mechanisms for the interaction of oxygen with 
CdTe.? Alternative mechanisms remain to be established. 


* Partially supported by the U. S. Air Force Air Research and Develop- 


ment Command. 
IF, A, Kroger and J. A. M. Dikhoff, Electrochem. Soc. 99, 144 mae 


2Vu. A, Bodakov, € & Lomakina, G. P. Naumov, and Yu. 
Maslakovets, Soviet Phys.—Solid State 2, 49 (1960). 


ZA3. Correlation of ZnTe and other II-VI Compound Band 
Edge Emission Spectra. R. E. Hatstep AND M. AVEN, 
General Electric Research Laboratory.—At 20°K single crystal 
ZnTe exhibited five sets of emission “lines’’ with 0.0259 
+0.0005 ev phonon structure. The highest energy lines of four 
sets occur at 2.375, 2.329, 2.323, and 2.237 ev. An emission 
band was observed at 1.87 ev with phonon structure super- 
imposed. Corresponding spectra for CdS, ZnSe, and CdTe are 
substantially consistent with prior work!~* and permit in- 
formative comparisons. Reststrahlen and dielectric constant 
data in these compounds correlate with longitudinal optical 
phonons. Such structure must generally characterize phonon 


emission processes within 0.3 ev (at 20°K) of band gap energy 


in II-VI compounds. The width, relative intensity, and 
number of satellite lines in a set increase for the more tightly 
bound recombination centers which are more strongly coupled 
to the lattice. However, variations observed in this trend help 
to characterize the recombination process involved. In ZnSe 
reversible changes in the edge emission spectra were produced 
by variation in stoichiometry. Several types of recombination 
mechanisms are necessary to account for the diversity of 
spectra and their dependence on bulk chemical properties. 
D. J. Thomas and J. J. Hopfield, Phys. Rev. 116, 573 (1959). 


?L. S. Pedrotti and D. C. Reynolds, Phys. Rev. 120, 1664 (1960). 
3 Larson, Pedrotti, and Reynolds (to be published). 


ZA4. Measurements of Piezoresistivity in Bi,Te;. T. J. 
DIESEL AND Lewis E. HOLLANDER, JR., Lockheed Missiles and 
Space Division.—The piezoresistive effect has been measured 
in single crystals of p-type bismuth telluride, BizTe3, which 
were cleaved from an ingot along the (0001) cleavage plane. 
The room temperature value of the longitudinal piezoresistive 
coefficient rz, measured along this cleavage plane, was found 
to be +87 X10-" cm?*/d, and its temperature dependence was 
determined from —40° to +60°C. The hydrostatic coefficient 
zu is about —40X10-" cm?/d, indicating a negative trans- 
verse coefficient, which was qualitatively observed. Measure- 
ment of the Hall ‘coefficient gave a carrier concentration of 
5X10" carriers/cm*, with a resistivity of 10-* ohm cm. The 
piezoresistive coefficients were measured by compressing a 
specimen longitudinally to a stress of about 3107 d/cm? and 
hydrostatically to 4108 d/cm?*. Because of the high acceptor 
concentration of the samples studied, the many-valley energy 
surface theory is no longer valid, and the observed piezo- 
resistive effect can be attributed to scattering. 


ZAS. Reflectivity of p-Type Lead Telluride in the Infrared 
Region. JAcK R. Dixon, United States Naval Ordnance Labo- 
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ratory.—The reflectivity at near-normal incidence of p-type 
PbTe having hole concentrations varying from 3.0X10!§ to 
4.6 X10" cm~* has been measured in the range from 3 to 32 yu 
For the purest material, the reflectivity decreases regularly 
as the wavelength increases. In contrast, for heavily doped 
materials the wavelength dependence of the reflectivity is 
characterized by a distinct minimum followed at longer wave- 
lengths by a region of high reflectivity. For example, the 
reflectivity of material having a hole concentration of 4.6 X 10" 
cm~ is 0.47 at 3 yw, decreases to a minimum of 0.17 at 11.6 y, 
and then increases to 0.82 at 32 uw. Similar results applying to 
other semiconductors have been reported previously by 
Spitzer and Fan.! Such variations are attributed to the con- 
tribution of free carriers to the electric susceptibility. An 
analysis of the reflectivity data gives values of the suscepti- 
bility as a function of wavelength. This, in turn, yields a value 
of the susceptibility effective mass m, of the holes. The effective 
masses determined in this way increase as the hole concentra- 
tion increases. At hole concentrations of 3.010!* and 4.6 
X10" cm, m, was found to be 0.11+0.02 and 0.20+0.02 mp, 
respectively, where mp is the rest mass of a free electron. 


1W. G. Spitzer and H. Y. Fan, Phys. Rev. 106, 882 (1957). 

ZA6. Infrared Absorption Beyond the Fundamental Ab- 
sorption Edge in PbS and PbTe. H. R. RiEepi, United States 
Naval Ordnance Laboratory (introduced by W. W. Scanlon). 
Infrared absorption measurements have been made on PbS 
and PbTe in the 3 to 30 uw wavelength region at temperatures 
ranging from 18° to 300°K. It is found that the absorption 
coefficient due to free carriers is proportional to \", where A is 
the wavelength and n varies from 2.0 to 2.7. For example, in 
p-type PbS with a room temperature carrier concentration of 
2.6X10'* holes/cm*, the absorption coefficient at 300°K, for 
d between 4 and 9 y, is (1.29+0.13)d?-45*°.°5 cm=!. In p-type 
PbTe, additional absorption varying more slowly with wave- 
length is also observed. This additional contribution is clearly 
seen from the fundamental absorption edge to about 15 yu at 
300°K, and from the edge to about 114 at 195°K, and is 
stronger at 300°K. 


ZA7. Absorption Edge in Degenerate p-Type GadAs.* 
I. KU®MAN AND T. SEIDEL, RCA, Sommerville.—Infrared ab- 
sorption is studied at room temperature for p-type degenerate 
GaAs for various hole concentrations. A Burnstein-like! shift 
is observed for samples doped above 10!/cm*, which is associ- 
ated with a decrease in the valence band electron population. 
The data are also consistent with a large valence band effective 
mass and direct transitions where the matrix element does not 
depend strongly upon energy. Inflections are also detected in 
the absorption data. Resistivity vs carrier concentration (Hall 
effect) on similar material is presented. The mobility depend- 
ence on hole concentration is less strong than that observed 
for Ge for comparable doping. 

*The work described was performed under the sponsorship of the 
Electronic Technology Laboratory, Wright Air De velopr nent Division, 


Air Research and Development Command, U. S. Air For: 
1 E, Burstein, Phys. Rev. Letters 93, 632 (1954). 


ZA8. Irreversible Changes in the Space Region in Degen- 
erate GaAs p-n Junctions.* Ropert D. GoLp, BERNARD 
GOLDSTEIN, LEONARD R. WEISBERG, AND ROBERT M. 
Wiiuiams, RCA Laboratories —The exponential dependence 
of the tunneling current through narrow p-n junctions on the 
width of the space charge region provides a very sensitive indi- 
cation of changes in this width. The space charge region in 
GaAs tunnel diodes widens during operation at room tempera- 
ture within hours. This is indicated by a decrease in junction 
capacitance, and is accompanied by an irreversible exponential 
decrease in peak tunneling current, together with a small 
decrease in valley current. These effects occur only when 
current flows in the forward injection region, and not when 





SESSIONS ZA 


tunnel current alone is present. Temperature by itself does not 
cause these effects since no decrease in peak current occurs 
when the diode is maintained at 200°C for several weeks with 
no current. Therefore, neither thermal diffusion nor field- 
enhanced diffusion can alone account for the redistribution of 
charge in the depletion layer. The measured junction tempera- 
ture for currents sufficient to produce degradation (decrease 
in peak current) is considerably less than 200°C. However, 
the rate of degradation with such a current can be increased 
by more than two orders of magnitude for a temperature 
change from 25° to 150°C. 


* Sponsored by the Electronics Research Directorate of the U. S. Air 
Force Research Division—Air Force Research and Development Command. 


ZA9. Analysis of p-n Junctions and Junction Devices by a 
Flux Technique. J. P. McKetvey, Westinghouse Research 
Laboratories.—A novel technique of analysis of excess carrier 
behavior in semiconductors,! based upon conservation of 
carrier fluxes, after allowing for generation and recombination, 
is applied to semiconductor p-n junctions and simple devices. 
It is assumed that the junction injects a flux of excess minority 
carriers into the bulk material on either side, and that the flux 
source strength is proportional to exp(eV/kT). In the case of 
the planar p-n junction in an infinite semiconductor, the usual 
exponential current-voltage dependence is obtained, but a 
more general expression for the saturation current than that 
obtained from conventional diffusion theory is exhibited. In 
particular it is shown that for sufficiently low carrier lifetime 
in the bulk material, the saturation current becomes inde- 
pendent of lifetime. The application of the method to a simple 
photovoltaic cell is also discussed. Here again the current- 
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voltage dependence (which is related to the boundary condi- 
tion at the junction rather than to diffusion and recombination 
phenomena in the bulk) is unaltered, but modified expressions 
for saturation and generation currents are obtained. Applica- 
bility of the method is currently limited to steady-state 
one-dimensional situations. 


1J. P. McKelvey, R. L. Longini, and T. P. Brody, Bull. Am. Phys. Soc. 
6, 28 (1961). 


ZA10. Characteristics of p-i-n Junction Detectors. J. W. 
MAYER AND H. L. Duntap, Hughes Aircraft Company, AND 
H. E. WEGNER,* Los Alamos Scientific Laboratory.—Lithium- 
drifted p-i-n junction charged-particle detectors with active 
volumes between 1 and 4 mm thick have been constructed 
from p-type base material of 12 to 1400 ohm-cm resistivity 
following the technique of Pell.! The change in junction capaci- 
tance as a function of time indicates that lithium precipitation 
occurs, is present in all resistivities in the heavily doped front 
region, and results in increased depletion depths. Precipitation 
in the drifted region produces a decrease in the sensitive 
volume and was observed in all material with resistivities less 
than 1000 ohm cm. The precipitation time constant increases 
with increasing resistivity. A combination dE/dx and E gas 
ion chamber and p-i-n junction detector system was used to 
observe protons, deuterons, and tritons from C” and Be® 
bombarded with 17-Mev He? ions. Electron response from 50 
to 2000 kev was studied with a beta-ray spectrometer. Typical 
energy resolutions were 1% and 4% for 17-Mev deuterons and 
1800-kev electrons, respectively. 


* Work supported by the U. S. Atomic Energy Commission. 
1E. M. Pell, J. Appl. Phys. 31, 291 (1960). 


‘THURSDAY AFTERNOON AT 1:30 


Adams-Hamilton Room 


(R. A. SORENSEN presiding) 


Theory, VIII: Nuclear Structure, II 


ZB1. Effect of Finite Size of Protons on the Coulomb 
Energy of He*. TakasH! OHMURA AND HARUKO OHMURA, 
Washington University.—The experimental value of the dif- 
ference between binding energies of H* and He? is 0.764 Mev, 
while the calculated Coulomb energy (abbreviated as CE, 
assuming the point protons) is about or more than 1.0 Mev, 
if the nuclear force has no repulsive core. It will be shown that, 
if the finite size of protons is taken into consideratior, the CE 
of He’ is reduced by about 15~20%. The effect of finite charge 
distribution is determined mainly by the mean square radius 
only, which is taken to be 0.8 X10~"* cm. If there is a hard core 
(with radius D), the calculated CE (assuming point protons) 
is already smaller with the values 0.8~0.9 Mev for D=0.2 
<10-8 cm, ~0.7 Mev for D=0.6X10-% cm The reduction 
of CE due to the finite size is about 8% and 3%, respectively. 


ZB2. Positive Parity States of Be’ and C".* F. C. BARKER,? 
M.I.T.(introduced by Herman Feshbach).-—The states pro- 
duced by weakly coupling a 2s- or 1d-neutron to a core con- 
sisting of the ground or first excited state of C’ are mixed by 
means of a two-body central interaction and a one-body spin- 
orbit interaction of the type normally used in intermediate 
coupling calculations, to provide the low-lying positive parity 
eigenstates of C" The positions and neutron widths of the 
states agree satisfactorily with experimental data, as do the 
calculated cross sections for photoneutron disintegration of C}’, 
however, in order to obtain agreement with other data in- 


volving E1 radiation widths the single particle shell model 
wave functions must be modified so as to have the correct 
asymptotic forms. Similar calculations are performed for the 
Be® positive parity states, about which little is known 
experimentally. 

* This work is supported in part by funds provided by the U. S. Atomic 
Energy Commission, the Office of Naval Research, and the Air Force Office 


of Scientific Research. 
t On leave from the Australian National University. 


ZB3. Pairing Plus Long-Range Force for Spherical Nuclei.* 
L. S. KissLiInGer, Western Reserve University, AND R. A. 
SORENSEN, Columbia University —The independent particle 
model with a two-body residual interaction, consisting of a 
pairing force and a long-range part, is considered for spherical 
nuclei, A > 48! The pairing force, assumed to be effective only 
for pairs of the same kind (neutrons or protons), is treated in 
the quasi-particle approximation. The long-range force, taken 
to be a quadrupole-quadrupole interaction is treated by the 
Sawada approximation. In the adiabatic limit, these approxi- 
matiens are equivalent to a collective model of nuclear vibra- 
tions about a spherical equilibrium shape. The deformed region 
corresponds to a zero (or imaginary) vibrational frequency. 
The parameters, which are assumed to be smoothiy varying 
functions of A, include the strength of the pairing force, the 
strengths of the n-n, p-p, and n-p quadrupole forces, and the 
separation of the independent particle levels The low energy 
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properties of odd-A and even-even nuclei, including the energy 
leyels, transition rates, and static moments are calculated and 
compared to experiment. 
* Supported in part by the National Science Foundation, the U. S. Army 
Office of Ordnance Research, and the U. S. Atomic Energy Commission. 
1L. S. Kisslinger and R. A. Sorenson, Kgl. Danske Videnskab. Selskab, 
Mat.—fys. Medd. 32, [9] (1960), 


ZB4. Structure of the First Excited States of Even-Even 
Nuclei and 2_(3)2,(7)0, Transitions.* M. Morita anp 
I-TuNG WANG, Columbia University, Z. MATUMOTO, Japan 
Atomic Energy Research Institute, AND M. YAMADA, Waseda 
University of Japan.—Successive beta and gamma decays of 
the odd-odd nuclei with spin 2. have been investigated 
theoretically in connection with the structure of the first ex- 
cited states of even-even nuclei.! The study is repeated, since 
accurate experimental data are available now. The beta decay 
to the first excited state (2_ — 2,) involves six nuclear matrix 
elements. All of them other than B;; are zero, if the 7-7 coupling 
shell model or rotational excitation are strictly valid. However, 
this is not the case, as follows from the measured beta-ray 
spectra. Approximate validity of the selection rules due to the 
above nuclear models together with the large Z approximation 
makes the formula for 8-y directional correlation very simple. 
It depends upon only two parameters, which are the ratios 
between nuclear matrix elements. Furthermore, a relation 
between these two parameters is given by combining the 
measured ft values of the beta decays with the calculated ratio 
of the B;;’s for (2..—> 2,) and for the ground state transition 
(2_—0,). The numerical analysis of experimental data on 
the 6-y directional correlation shows that the two selection 
rules are distinguishable in some cases. 

* This work partially supported by the U. S. Atomic Energy Commission. 


1Z. Matumoto, M. Morita, and M. Yamada, Bull. Kobayashi Inst. Phys. 
Research 5, 210 (1955). 


ZBS. Collective States of Spherical Nuclei. Giant Dipole 
State. J. Sawick! AND TosHto Sopa, University of California, 
Berkeiey.—A new method of treating certain collective states 
of finite nuclei based on the linearized equations for the 
density matrix is developed. The Hartree-Fock exchange 
terms are included. Certain self-energy terms are discussed. 
Equations are obtained for calculating collective states of 
definite angular momentum, parity, spin, and isotopic spin. 
Particular application is made to the case of the giant dipole 
state of O'* with the use of finite range forces with different 
parameters of exchange interactions and radial shapes. 
Satisfactory agreement with experiment is obtained. Extension 
of this theory is being made to include corrections of terms 
nonlinear in the density operators. 


ZB6. Damping of the Giant-Dipole Resonance.* RICHARD 
A. FERRELL, University of Maryland.—The excited configura- 
tions in the shell model which account for the collective be- 
havior of the giant dipole resonance,! and whose coherent 
superposition produces an interaction energy shift away from 
the single-particle energies,? are not the same configurations 
which are responsible for the damping of the giant-dipole. 
To describe the damping it is necessary to admix single- 
nucleon wave functions from the continuum which correspond 
to a single-nucleon energy equal to the total energy of the 
resonance. These wave functions are quantitatively different 
from the bound single-nucleon wave functions which are 
responsible for the dynamics of the resonance. Branching 
ratios based on the latter lead to erroneous conclusions. 
Furthermore, the energy shift separates the giant dipole from 
the single-particle resonances and tends to inhibit the damping. 

a S ie 
by Prey poy ona y Ae ned by the Atomic Energy Commission and 


1D. M. Brink, Nuclear Phys. 4, 215 (1957). 
?R. A, Ferrell, Bull. Am. Phys. Soc. 3, 49 (1958). 
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ZB7. Extended Shell Model Calculations and the Giant F1 
Resonance in Deformed Nuclei.* S. G. Ni_sson, J. SAWICKI, 
AND N. K. GLENDENNING, Lawrence Radiation Laboratory and 
University of California, Berkeley—Certain collective states 
of finite nuclei may be reasonably well described by a modified 
random-phase approximation based on a linearized system of 
equations for the components of the single-particle density 
matrix. The exchange terms corresponding to the antisym- 
metrized wave function are included and certain self-energy 
terms are discussed. This extended shell model 
formulation is applied to deformed nuclei. For even-even nuclei 
the giant El resonance generally separates into two groups 
corresponding to K =0,1. We have first studied the simplified 
case of the spin-orbit splitting being neglected. The E1 states 
then separate additionally into (T=1,S=0), (T=1,S=1), 
(T=0,S=0), (T=0,S=1) groups. The giant E1 resonance 
occurs within the first group. Various different forms of the 
two-body interaction are investigated. The numerical results 
obtained for the C!* nucleus reproduce quantitatively recent 
experimental data. The work with a more realistic single- 
particle potential is in progress with particular application 
also to Mg*. 


so-called 


* Work performed under the auspices of the U. S. Atomic Energy 


Commission. 


ZB8. Some Isotopic-Spin Effects in Heavier Nuclei.* J. B 
FRENCH AND M. H. MAcFarvane, University of Rochester 
The isotopic-spin quantum number is redundant for the 
ground states of heavier nuclei, being simply half the neutron 
excess; this, however, is not the case for states in which a 
proton is excited to an orbit not filled for neutrons or a neutron 
promoted from an orbit not empty for protons. Some conse- 


quences of this will be discussed. One in particular is an 
isotopic-spin splitting of giant resonances in particle (and hole) 
reactions, which is expected even in certain cases where there 
may be sizable isotopic-spin admixtures in the individual 
excited states. Another consequence is that simple relation- 
ships exist between the spectra of nuclei which are isotopically 
spin related when described by means of the shell model. 


* Supported in part by the U. S. Atomic Energy Commission and the 


National Science Foundation. 


ZB9. Center of Mass Effects in the Shell Model.* CHonc 
WAN LEE AND ELIZABETH BARANGER, University of Pittsburgh. 
—The usual shell model harmonic oscillator wavefunctions 
used for describing states of nuclei are known to be partly 
spurious, unless they belong to the lowest configuration 
allowed by the Pauli principle.! One can construct nonspurious 
states by subtracting the spurious part and renormalizing. By 
dividing out the center of mass motion one obtains a wave- 
function depending only on internal coordinates, and this can 
usually be given a simple cluster interpretation. The electro- 
magnetic transition matrix elements are computed by calcu- 
lating matrix elements of the corrected operators? between 
such states. In calculating transitions to the ground state, one 
will thus obtain a factor (1—a?)~, where a is the amount of 
spurious state admixed into the excited shell model state, 
which multiplies the matrix element of the corrected operator 
between the shell model states. This factor has been ignored 
in the past. Further applications of the use of these states will 
be discussed. 

* Work done in the Radiation Laboratory and assisted by the joint 


program of the Office of Naval Research and the U. S. Atomic Energy 
Commission. 7 

1 J. P. Elliott and T. H. R. Skyrme, Proc. Roy. Soc. (London) A232, 561 
(1955). 

2S, Gartenhaus and C. Schwartz, Phys. Rev. 108, 482 (1957). 
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SP1. Miniature Coils for High Magnetic Field Research.* 
R. W. De Biots, General Electric Research Laboratory.— 
Pulsed magnetic fields greater than 100 koe and of yp-sec 
duration are reported here to be readily producible in 1-mm 
diam coils supplied by energy storage units of only several 
joules capacity. Demonstrative experiments are described 
which show the magnetic-state transitions of a 20 wg specimen 
of MnAs near 90 koe, the shift in transition temperature when 
the specimen and coil are subjected to hydrostatic pressures 
up to 850 atm, and the reversal of magnetization of a 0.5 yg 
iron cube from which all reverse nuclei were presumably 
driven. 

* To be given at the end of Session BA if the chairman rules that time 
permits. 


SP2. Magnetic Moment in the Radional Field. ANaToL J. 
SHNEIDEROV, Polycultural Institution of America.*—A macro- 
cosmic or a microcosmic body spinning in the radional field 
(see Abstract No. CBX 11) produces a quasi-vortical anisot- 
ropy in the field around the body, representing iis magnetic 
field. A formula for magnetic moment is derived: y= 
(bJ,)*BQ-(2/5)r?-(v/c)/2xr ergs per gauss for homogeneous, 
spherical macrobodies; and its variant: p.=47a*J;+-kr?- 
(v/c)2mr ergs per gauss for microbodies, where a is radius of 
the microbody, r is radius of its rotation; M is mass; J;= 
1.12-10*! d/cm? is pressure of the radional field ; b=2.98-10~'6 
is a ratio of the sum of volumes of elementary particles 
(protons, neutrons, electrons, etc.) each assigned a mean mass 
m, and a number n of which constitute a body of unit density, 
to the volume of such a body; 8 = 4.46-10~" cm?/g is radional 
absorption coefficient; v is equatorial rotation velocity; c is 
speed of light; & is moment of inertia coefficient; 6 is 
Q/(4/3) xr; x =ré8, and 


n 


Q=2m = (4/3) Mx/[1 —(1/2x?) + (e-**/2x*) + (e-*/x) J. 
1 


Magnetic moments calculated for Bohr magneton, the moon, 
the earth, the sun, and several stars agree satisfactorily with 
the experimental or observed values. 


* To be called for at the end of Session CB if the Chairman rules that 
time permits. 


SP3. Theory of Space Charge in High-Pressure Inert Gas 
Diodes.* R. Forman, Union Carbide Corporation.—A theory 
for space charge conditions in high-pressure diodes has been 
developed which shows that the current obeys a V! power 
relation rather than the usual assumed V? relation. This 
interesting result has been verified experimentally and data 
in argon and helium filled diodes will be presented to illustrate 
the validity of the theory. 


* To be called for at the end of Session M if the Chairman rules that time 
permits. 


SP4. On the Transients of Wave Propagation in Liquids 
and Liquid Mixtures.* E. TERNER, Armour Research Founda- 
tion.—Shock tubes have been used extensively for the study 
of various phenomena in gases; here the use of a shock tube is 
described which contains a liquid under pressure in the driver 
chamber. On sudden decompression a pulse is propagated along 
the tube and is subsequently multiply reflected. This wave 
motion has been observed by taking suitable pressure record- 
ings along the tube and it is possible to study various properties 
of the fluids concerned by this experimental means. Among 
the liquids used were water and carbon tetrachloride ; the wave 
propagation was also studied in aerated water as well as iso- 
propanol water mixtures. Interesting effects are observed if 
the liquid is preheated and is allowed to boil under pressure, 
thus containing some nuclei at decompression. 


* To be called for at the end of Session Q if the Chairman rules that time 
permits. 


Pertaining to the Oliver E. Buckley Solid-State Physics Prize 
(Item added to proof and not proofread.) 


By order of the Council, members of the Society 
are invited to propose candidates for the 1962 
Oliver E. Buckley Solid-State Physics Prize, and 
this they may do by writing to Dr. Benjamin Lax, 
Lincoln Laboratory, M.I.T., Cambridge 39, Massa- 
chusetts, who is Chairman of the Committee ap- 
pointed to nominate candidates. 

This prize is to be awarded for the making of 
“a most important contribution to the advancement 


of knowledge in solid-state physics’ during the five 
years immediately preceding the award and “‘in the 
United States of America and its possessions or in 
the neighboring countries included in the continent 
of North America and its insular environs.’’ No 
stipulation is made as to the nationality of the prize- 
winner. The prize may not be divided between two 
or more recipients. 
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Preliminary Announcement of the 1961 Mexico Meeting* 


(Three copies of each abstract, please!) 


Those who attended either of our two previous 
meetings in Mexico will be delighted, and all others 
should be allured, by the news that arrangements 
for the meeting of June 22-24, 1961, are well under 
way. This, like the Congress of 1955, will be a joint 
meeting of the Sociedad Mexicana de Fisica and 
our Society, and its scene will be the Ciudad Uni- 
versitaria on the southern boundary of Mexico 
City. Committees each composed of a member of 
each Society are now planning groups of invited 
papers in cosmic-ray physics, low-energy nuclear 
physics, theoretical physics, and solid-state physics. 
Our Divisions of Electron Physics, Fluid Dynamics 
and Plasma Physics will all three take part. 

Deadline will be Friday, April 7. Abstracts are to 
be sent to the office of the Society at Columbia 
University, New York 27, New York. Three copies 
of each abstract are requested: one copy will be sent 
forthwith to Mexico City for translation into Span- 


* Item added in proof and not proofread. 


ish and publication in the announcement of the 
Sociedad Mexicana de Fisica. 

Rooms have been booked for our members in 
hotels of three categories. The de luxe category in- 
cludes the Hotel del Prado, Alffer, Bamer, Conti- 
nental Hilton: its price range is $16 to $13.60 
double, $14 to $12 single. Of the “superior first- 
class” category are the Cristobal Colon, San Fran- 
cisco, Diplomatico ($10 to $8 double, $7.20 to $8 
single). Of the “‘first-class’’ category are the Prince, 
Regis, Metropol ($8.80 to $6.80 double, $7.60 to 
$4.80 single). These prices are quoted in U.S.A. 
currency ; they do not include any meals. 

All hotel reservations are to be made by writing 
to Pancho Lona Tours, Balderas 32 (primer piso), 
Mexico 1, D.F., Mexico. Use 7-cent airmail stamp. 
Make deposit for one night when you make your 
reservation ; it will be refunded if you give 72 hours 
notice of cancellation. All reservations are to be 
made before June 10. 


Announcement of the 1961 Thanksgiving Meeting at Chicago 


The 1961 Thanksgiving Meeting will be held at 
Chicago, in the buildings of the University of 
Chicago, on Friday and Saturday, November 24 


and 25. The official hotel will be the Windermere, 
at 1642 East 56th Street, Chicago 37, Illinois. Dead- 
line for receipt of abstracts will be September 22. 


1961 International Conference on Photoconductivity 


The ‘1961 International Conference on Photo- 
conductivity” will be held at Cornell University, 
Ithaca, New York, on August 21-24. This is ac- 
cepted as a “topical conference’? by The American 
Physical Society, and other sponsors are the Inter- 
national Union of Pure and Applied Physics and 
the Office of Naval Research. The emphasis of this 
conference will be on the fundamental aspects of 
photoconductivity and phenomena directly related 
thereto. The conference will conform to the pattern 
of the 1954 conference on photoconductivity held 
at Atlantic City. Parallel sessions will not be al- 
lowed, and so the programme must include not 
more than about twenty half-hour papers and 


forty 15-minute papers, probably only a small 
percentage of those that may be contributed. 
Papers on specific devices and applications will be 
excluded. All members of the Society are allowed 
to attend this Conference, but those who wish to 
go must signify their wish not later than July 1 
to the Conference Secretary, Dr. A. R. Hutson, 
Bell Telephone Laboratories, Murray Hill, New 
Jersey. To him must go also the abstracts of con- 
tributed papers, and these must conform to the 
same rules as are imposed on those submitted to 
general meetings of the Society. Deadline for ab- 
stracts is March 31, 1961. 
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1961 Gaseous Electronics Conference 


The 1961 Gaseous Electronics Conference, four- 
teenth of the series, will be held at the General 
Electric Research Laboratories (‘‘the Knolls’) at 
Schenectady, New York, on October 11-13. Former 
conferences were sponsored by our Division of 
Electron Physics, which still contributes a member 
to the Organizing Committee. This Conference has 
been accepted as a Topical Conference of The 
American Physical Society. Like its predecessors 
it is to deal with the basic collision processes oc- 
curring in ionized gases, with the mechanisms of 
electrical breakdown and those of operation of 
electrical discharges, and with plasma physics in 
general, but papers on specific devices are excluded. 
All members of the Society have the right to attend 


this Conference and to submit contributed papers, 
but the Organizing Committee may accept or 
reject these as it chooses. 

Abstracts of contributed papers are to be sent 
to C. J. Gallagher, General Electric Research 
Laboratories, Schenectady, New York, and must 
reach him not later than August 25, 1961. Abstracts 
must conform to the same regulations as are im- 
posed on those submitted for general meetings of 
the Society. The Organizing Committee will not 
accept a greater number of contributed papers than 
is compatible with its intent to keep the meeting 
within three days, to avoid simultaneous sessions, 
and to provide adequate time for presentation and 
discussion of the papers that are accepted. 


1961 Spring Meeting of the New York State Section 


The 1961 Spring Meeting of the New York State 
Section will be held on Friday and Saturday, April 
14 and 15, at Lemoyne College, Syracuse, New 
York. It will consist principally of a symposium on 
atomic and molecular amplifiers, comprising masers 
of various kinds. Advance registration by mail will 


be required, since the space available is limited. 
This should be made by writing to Oran E. Miller, 
B-65, 1669 Lake Avenue, Kodak Park, Rochester 4, 
New York. Additional information about the meet- 
ing may be obtained from him. 


Topical Conference on Planetary Science 


A topical conference on planetary science has 
been arranged for April 19-21 by H. E. Newall and 
R. Jastrow of the American Geophysical Union. 
The sponsorship of that Union, of the American 
Astronomical Society, and of our Society has been 
accorded to it. The conference will be held in the 
Auditorium of the Department of the Interior, on 
C Street between 18th and 19th Streets N.W., 
Washington, D. C. The titles of the sessions and 
the names of their chairmen are: Moon and Planets, 
P. H. Abelson (April 19 at 9:00 a.m.) ; Meteorites, 
E. Anders (April 19 at 2:00 p.m.); Trapped Par- 
ticles, J. A. Van Allen (April 20 at 8:30 a.m.); 
Interplanetary Plasma, J. A. Simpson (April 20 at 


1:30 p.m.) ; Solar Cosmic Rays: Solar Physics, John 
Winckler (April 20 at 3:30 p.m.); Atmospheres of 
the Planets, J. W. Chamberlain (April 21 at 9:00 
a.m.) ; Hydromagnetic Effects, A. J. Dessler (April 
21 at 11:00 a.m.). Of great interest, especially to 
those members of the sponsoring societies who can- 
not be at the earlier sessions, is the final session to be 
held on Friday, April 21, at 2:00 p.m. At this session 
all of the Chairmen named in the foregoing lines will 
review the outstanding features of their respective 
sessions and survey developments of significance 
which have occurred in their respective fields in the 
past year. H. C. Urey will be Chairman of this 
closing session. 


Important Notice to Members and Fellows of The American Physical Society 


A new Membership List of The American Phys- 
ical Society will be issued in 1961, and it is highly 
desirable that this be as nearly complete as possible. 
By the time you read this you should have received 
by first-class mail, in a window envelope, a return- 
addressed postal card bearing your name and ad- 
dress of present record, together with instructions 
for its immediate return emended as necessary. If 
you have not received this postal card, notify the 


undersigned of your name and address as you wish 
them to appear in the Membership List. If your 
professional affiliation does not appear in your 
address, this additional information is requested. 


SHIRLEY L. QUIMBY 
Pupin Physics Laboratories 
Columbia University 


New York 27, New York 
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MEETINGS AND DEADLINES THROUGH JANUARY 1962 


Deadline date 


February 10 
April 7 
September 22 
October 20 
November 10 


Place Meeting dates 


Washington April 24-27 
Mexico City June 22-24 
Chicago November 24-25 
Los Angeles* December 27-29 


New York January 24-27, 1962 


Abstracts for the meeting marked with an asterisk 
are to be sent to Professor H. A. Shugart, University 
of California, Berkeley 4, California, and must reach 
his office not later than the corresponding deadline 
date. Abstracts for the other meetings listed above 
are to be sent to Karl K. Darrow, American Phys- 
ical Society, Columbia University, New York 27, 
New York, and must reach his office not later 
than the corresponding deadline date. Take note 
that abstracts mailed the day before deadline day 
often fail to arrive in time: the last postal delivery 
of the day usually comes to our office before 2 p.m. 
For meetings handled at this office, allow at least 
two days for abstracts sent by airmail from points 


east of the Mississippi, and longer for those sent from 
farther west. Abstracts postmarked (at the point of 
dispatch) on deadline day are instantly rejected. 


No abstract postmarked (at the point of dispatch) 
on deadline day ever reaches the office on time, nor 
does any abstract postmarked at any point west of 
the Rockies on the day before deadline day. Some 
abstracts arrive with covering letters dated three 
or more days before the postmark; it may be a 
good idea for you to put your abstract into a 
United States mail box with your own hands. 
Finally, if time is scant, fold your abstract and mail 
it in an envelope of size 93 by 4} inches or there- 
abouts; for if you mail it in a ‘“manila’”’ envelope 
large enough to accommodate it without folding, it 
may very well arrive after the deadline. The 
privilege of contributing papers to meetings of The 
American Physical Society is restricted to the members 
of the Society and to nonmembers whose papers are 
sponsored by members. 


SECTIONAL MEETINGS AND TOPICAL CONFERENCES (see pages 183 and 184) 


New York Section 
Photoconductivity 
Gaseous Electronics 


Syracuse 
Ithaca 
Schenectady 


April 14-15 —_— 
August 21-24 March 31 
October 11-13 August 25 





RULES AND INSTRUCTIONS FOR THE PREPARATION OF ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnote is equated to ten words or to its actual 
length in words, whichever is the greater; each line 
in a table to ten words; a “‘dispiay’’ formula—one 
that requires a line to itself—is an expensive luxury 
equated to forty words. By-lines are not counted as 
part of the 200 words, and therefore addresses are 
condensed to the minimum in them. If you want to 
spend a lot of your precious 200 words in describing 
your exact location and the exact compartment of 
your organization in which you work, you have that 
privilege. 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten; one 
must be an original, the other may be an original or 
a carbon copy. Carbon copies will not be accepted in 
lieu of originals: they smear. Abstracts (including 
titles, by-lines, and footnotes) must be double- 
spaced: single-spaced manuscripts are too crowded 
to permit the editorial markings to be made 
with ease and clearness. Each abstract must be 
confined to a single page: if it is too long for a single 
page it is too long to be printed. If we receive an 
abstract typed on two pages, we print only its first 
page. Write each abstract as a single paragraph: the 
suppression of paragraphs costs time and labor to 
the editors. Do not use very thin paper: a sheet of 


very thin paper may cause extraordinary trouble 
when mixed with sheets of reasonable thickness. 
Tables too broad to fit into one column of the Bulletin 
will be left out. The American Institute of Physics 
will bless you if you type first the title of your ab- 
stract in lower-case with capitalized initials, then 
your name in capitals, then the name of your insti- 
tution in lower-case underlined with capitalized 
initials. It is a pleasure to report that those who 
qualify for this blessing are increasing in number 
but are still quite a bit short of 100% of the total. 
Issues of the Bulletin are always appreciably de- 
layed because the editors have to do what the 
authors should have done. 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go into the Supplementary Programme. In 
enforcing this rule, an abstract is credited to the 
author whose name appears first in the by-line. 

It has now become an expensive business to make 
any change in an abstract, even the smallest, 
after it has been received. By order of our Council 
“A change in an abstract will be permitted only 
at the discretion of the Secretary or his deputy, 
and only if TEN DOLLARS is enclosed with the 
letter in which the change is requested.’’ As here- 
tofore, an abstract will not be withdrawn from 
proof unless the asker sends ten dollars with his 
request. 


New Instructions 


(a) If it is wished that two abstracts be scheduled consecutively, write on the first ‘To be scheduled before 


abstract 


” and on the second ‘‘To be scheduled after abstract by 


by 
(b) In general, all instructions about an abstract should be typed at the bottom of the page that has the abstract 
on it, never in a covering letter. Covering letters get separated from abstracts! 
(c) If a member insists that his paper be scheduled for a particular day or not on a particular day, he will 
get his wish, but usually at the price of having his contribution included in a session to which it is irrelevant. 
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